
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 




" 4 

i 



Ite*^- 



*. 



# 



<» 







«^ 











UAL REPORT 



OF THE 



4905 




sGo* "^ I' 



HARVARD UNIVERSITY 



HI 




LIBRARY 



OF THE 



Museum of Comparative Zoology 



jVy.A 



r 



fcigitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by LjOOQIC 



Digitized by LjOOQIC 



^tutt of gltoAf ijsHsnA sod f rovidtnre ^Uvtstiont. 



THIKTY-SIXTH ANNUAL EEPOET 



OF THK 



XDIHlHISSiANElK AF INIANa^<fflEIUES. 



ERRATA. 

Page 128, (Plate XXVII.) ; Read, (^Tlate XXVIII.") 
(Plate XXVIII.) ; Read, (''Plate XXXI.") 
(Plate XXIX.) ; Read, (*Tlate XXXII.") 

Page 137, line 22 ; Read, ** attached to the side." 



JANUARY SESSION, 1906. 



- PROVIDENCE: 

E. L. FREEMAN A SONS, STATE PRINTERS. 
190«. 



Digitized by LjOOQIC 




Digitized by VjOOQIC 



$mt of Ultotff ijflanil and ^toviitutt glatttatiottisi. 



THIRTY-SIXTH ANNUAL REPOET 



OF THK 



COMMISSIONERS OF INLAND HSHERIES, 



MADE TO THE 



GENERAL ASSEMBLY 



AT ITS 



JANUARY SESSION, 1906. 



" PROVIDENCE: 

' E. L. FREEMAN A SONS, STATE PRINTERS. 



Digitized by LjOOQIC 



COllISSIONERS OF nUillD FISHERIES OF RHODE ISLAND. 



HENRY T. ROOT, President, Treasurer, and Auditor Providence, R. I. 

J. M. K. SOUTHWICK, Vice-President Newport, R. I. 

Wm. p. MORTON, Secretary P. O. Box 966, Providence, R. I. 

CHAS. W. WILLARD Westerly, R. I. 

ALBERT D. MEAD Brown University. 

ADELBERT D. ROBERTS P. O. Box 264, Woonsocket, R. I. 

Wm. H. BOARDMAN Central Falls, R. I. 



Digitized by LjOOQIC 



REPORT. 



To the Honorable "the General Assembly of the State of Rhode Island 
and Providence Plantations, ai its January Session , 1906: 

The Commissioners of Inland Fisheries herewith present their 
annual report for the year 1905: 

As heretofore, the policy of your Commission has been to purchase 
such yearling trout and black bass as were required to stock favorable 
waters in the state. The beneficial results of such stocking of suitable 
streams and ponds is unquestioned. Without* this annual restocking 
it would be but a matter of time before these valuable fish would 
disappear from our waters. Anglers throughout the state have 
become interested in the efforts of your Commission, and have given 
their co-operation in maintaining the close season and in the pre- 
vention of illegal fishing. Without their co-operation much of the 
restocking would be in vain, as it is obvio\isly impossible for your 
Commissioners to maintain any suitable patrol of the widely scattered 
fishing-waters. 

Several times the question has arisen as to whether it would be 
practicable and feasible for the Commission to establish a hatchery 
within the state for the purpose of providing fry and yearlings to 
be used in stocking the waters of the state. This method is followed 
by many other states with considerable success. It m\ist be re- 
membered, however, that most other states have larger areas to 
restock, requiring many more fish, and that their fishery interests 
are many times more important than our own. There seems to be 
no doubt, as it is evidenced by reports from fishermen in all parts of 
the state, that we are securing excellent results by the method now 
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4 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 

followed, and that, too, at no very great expense. As long as we can 
secure fish for stocking purposes near by, and in good condition 
and at a fair price, there seems to be no need of setting up a hatchery, 
which would require a considerable amount of experimentation before 
successfully established, and which would also be a considerable 
expense. 

The policy of your Commission in planting yeariing trout instead 
of fry seems to be a good one. There is no doubt that a larger 
proportion of adult fish is secured by this means than would be 
if fry were planted. Althpugh in some states the practice of planting 
fry is still followed, yet it seems to be the general policy to abandon 
this practice and to use yearlings only. The chances of a fish sur- 
viving the many dangers to which trout are exposed increase pro- 
portionately with the size of the fish. The yearling fish, therefore, 
stands a much better chance than the smaller fry. And the advan- 
tage derived is not only in securing larger fish at an earlier period, 
but is also in securing a larger number of fish of lawful size in the 
streams for a given expenditure of money. 

Your Commission, as usual, made application to the U. S. Bureau 
of Fisheries for a supply of shad fry, but this year, owing to the 
exceedingly backward season, was unable to secure any. It is hoped 
that in future years it will be possible to investigate more fully 
the habits and requirements of the shad and to make more intelli- 
gent efforts to secure the return of this valuable fish to our waters. 

At the Wickford laboratory of the Commission steady progress 
has been made in the rearing and planting of lobsters. The past 
sunmier 103,572 lobster fry were reared to the fourth stage and 
distributed in the waters of Narragansett Bay. It is interesting to 
compare this total with the numbers reared in previous years. In 
1899, at Woods Hole, Dr. Bumpus succeeded in rearing about 100 
lobsterlings to the fourth stage. In 1900 at Wickford, 3,425 fry 
were reared to the lobsterling stage. In 1901 the number reached 
8,974; in 1902, 27,300; in 1903, 13,500; in 1904, 50,597; making an 
entire total for all previous years at Wickford of 103,796, or only 
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"224 more than were reared during this one season of 1905. There 
seems to be no reason why, with the increased knowledge coming 
■from each season's experience, this number might not still further 
be increased, while using the same apparatus, and with no extra 
■expeni^. 

The practical results of this planting of young lobsters is un- 
questioned. Reports from the lobster fishermen show that more 
jgmall lobsters were present in the localities where the fry were 
liberated than have been seen before for many years. It will be but 
A few years before these small lobsters will be of marketable size, 
And then the expense of developing the lobster rearing plant of the 
Commission will be returned to the inhabitants of the state many 
times over. 

Such results as these are very gratifying, especially when we 
consider that nowhere else in the world have any such results been 
obtained. Indeed, nowhere else has it been possible to rear lobster 
fry at all successfully, and the results of your Commission's work 
have attracted the attention of those interested in promoting the 
fishery interests in all parts of the world. 

In this country o\ir work has been watched by the United States 
Bureau of Fisheries and the commissioners of other maritime states, 
And now that our efforts are crowned with success both the national 
Bureau and the commissioners of other states are ready to follow 
our example. Indeed, the neighboring State of Connecticut has 
Already appropriated $10,000 to establish a hatchery, and a com- 
mittee has visited our laboratory at Wickford to secure the informa- 
tion necessary to begin operations in their own waters. 

With each year the efforts of your Commission to enforce the laws 
regarding the capture of short lobsters or lobsters bearing eggs 
meet with better success. Two deputies have continued to safe- 
guard the interests of the lobster fishery, and have succeeded in 
prosecuting three offenders under the short-lobster law. They have 
seized and liberated in the waters of the bay 5,170 short lobsters 
imported into the state contrary to law. The fishermen are coming 



Digitized by LjOOQIC 



6 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 

to recognize, more and more, that the efforts of the Commission* 
are for their own good, and that they are being protected against 
the illegal competition of those who willfully disregard the laws 
which have been created to preserve for them an important industry. 

Work in connection with the propagation of the clam has not been 
neglected. A careful watch has been kept on the shores of the 
bay in order to determine the location of the new set, so that they 
might be distributed in favorable localities, and the survey of the 
shore to determine the location of favorable localities for planting 
clams has been continued. In other states the planting of clams- 
has been commenced along the lines worked out by this Commission. 

Along scientific lines much progress was made last summer at the 
Wickford laboratory in determining the rate of growth of the 
lobster, in studying his ability to repair injury, and his migratory 
propensities. Some of these facts will receive special treatment 
in the latter part of the report. The continued study of the physical 
and biological conditions of the bay was also carried well forward^ 
especially along the lines of a survey of the shores to determine the 
location of favorable localities for planting clams, quahaugs, lob. 
ster fry, etc., and the determination of the distribution and numbers 
of food and other fishes in the waters of the bay. 

Your Commission again undertook the preparation of an exhibit 
at the fair of the Washington County Agricultural Society at Kings- 
ton. In co-operation with Hon. Rowland G. Hazard, of Peace Dale, 
and Mr. George A.- Griffin, of Wakefield, an exhibit pertaining to 
sea farming was installed in a building provided for the purpose by 
authorities of the fair. Six large tanks of sea water were used 
for an exhibit of the more common food fishes of the Bay and many 
of the more rare or curious forms. Through the courtesy of the 
New York Aquarium several specimens of Blue Angels, a beautiful 
Bermudan fish, were secured and kept alive through the fair. An- 
other tank of fresh-water fish and a collection of shell-fish, lobsters in 
various stages, models of nets and traps and other fishing utensils,, 
were exhibited. Many thousands of persons were thus acquainted 
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with the efforts of the state in studying the problehis and opportu- 
nities connected with the fishery interests. 

Your Commission wishes to record the fact that, whatever success 
has been obtained in preserving or restoring to the waters of the 
state any of the industries connected with the fisheries has only 
been secured because of the continued support of your honorable 
body. In all of this work it is not one year that counts, but con- 
tinuous study and experiments carried through a series of years. 
Much has been done, but much remains to be done. The success 
which has been attained in the clam and lobster work should be 
extended to other lines, such as the propagation of food fish, crabs, 
scallops, quahaugs, etc. There can be no doubt but what the money 
•expended for this work will return many times over, not only to those 
directly concerned with the fisheries, but to all the inhabitants of 
the state and to other states and other countries. 

In the absence from the coimtry of the biologist of the Commission 
during the summer, the scientific work was carried on under the ef- 
ficient direction of Prof. F. P. Gorham. 

There follows the statement of the expenses of the Commission 
for the year. 

State of Rhode Island in account ^vnth Commissioners of Inland Fisheries. 

1905. Dr. 

Oct. 12. To paid for 40,000 yearling trout, distribution of same, 

and 700 black bass $1,308 83 

Dec. 31. To expenses and salary of deputy commissioners under 

lobster law 1,940 77 

To expenses at laboratory investigating lobster, clam, and 

other fish culture 3,745 52 

To expenses of commissioners 587 93 

$7,583 05 
1905. Cr. 
-Jan. 6. By received from State Treasurer $61 99 

18. '* " *' '' 20 50 

27. '* " '■' '' 82 40 
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1906. 
Jan. 27. By received from State Treasurer 
Feb. 4. 
18. 

28. 



Mar. 9. 
29. 
31. 



April 5. 
12. 

13. 
19. 
21. 
26. 

28. 



May 2. 
5. 

17. 

24. 
31. 



$84 80 

14 50 

50 00 

82 53 

2 00 

46 00 

72 20 

50 00 

5 00 

8 10 

44 55 

62 00 

79 90 

68 60 

2 00 

4 75 

37 44 
31 95 

4 75 

5 00 
114 71 

41 33 

12 02 
78 15 
60 75 

2 00 
10 50 
50 00 

3 31 
1 25 

22 35 
27 13 
60 00 

38 00 
27 00 
24 93 

13 50 
107 00 

86 55 
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1905. 

May 31. By received from State Treasurer $72 90 

" " " " 4 30 

" " " " 25 00 

June 6. " " " " 40 00 

9. " " " " 279 25 

6 60 

14. " " " " 12 63 

" " " " 6 88 

" " " 4 00 

21. " " " " 362 77 

" " " " 30 00 

" " " " 23 00 

" " " " 20 00 

30. " '' " " 2 50 

" " " *' 71 70 

" " " " *. 87 55 

" '' " " 40 00 

" " " " 40 00 

30 00 

" " " " 14 66 

" " " *' 18 66 

" " " " 6 66 

July 5. " " " '' 40 

" " " " 31 65 

" " " " 1 50 

" " " *' 2 00 

" " " " 1 35 

7. " " " " 5 00 

Aug. 2. " " " " 229 89 

" " " " 47 08 

" " " " 60 00 

" " " '' 40 00 

" " " " 40 00 

" 40 00 

" " " " 40 00 

" " " " 20 00 

" " " '' 90 95 

" " '' *' 73 50 

" " " " 2 60 
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1905. 
Aug. 



Sept. 



Oct. 



4 


By received from State ' 
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H tt it 
It li n 
H H it 

It it tt 
ti it ft 
tt tt tt 
it tt tt 
tt ft it 
tt It tt 
tt tt tt 
tt tt tt 
tt tt tt 
tt tt tt 
tt tt tt 
tt tt tt 
tt tt tt 
tt tt tt 
tt tt tt 
tt it tt 
tt tt tt 
tt tt ft 
tt tt tt 
tt tt tt 
tt tt tt 
tt tt tt 
tt tt tt 
tt tt tt 
tt tt tt 
tt tt It 
tt tt tt 
tt tt tt 
it tt tt 
tt tt tt 
tt ft tt 
tt tt (( 
tt tt ft 
tt tt tt 


rreasurer 


$69 73 
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83 07 
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it 
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16 
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94 73 


18 
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30 00 
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20 00 
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20 00 
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30 
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90 20 
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76 35 
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14 


it 


21 75 




tt 


4 00 


27 


tt 


86 00 




tt 


73 60 


4 


tt • 


30 00 
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1905. 
Nov. 29. 



By received from State Treasurer. 



Dec. 



1. 

6. 

14. 

15. 
20. 
27. 



$73 77 


21 20 


25 00 


21 28 


36 05 


22 56 


28 28 


19 60 


100 04 


30 00 


61 87 


38 49 


41 67 


45 06 


48 27 


10 20 


10 40 


84 50 


69 80 


$7,583 05 



The remainder of the report includes an account of the work 
undertaken by the Commissioners during the past year, which may 
be tabulated as follows: 

First, The ^^tocking of our ponds and streams with suitable 
fresh-water fish, through the distribution of fry. Page 13. 

Second. The collection of data and statistics relating to the com- 
mercial fisheries. Page 15. 

Third. The location of fish-traps within the waters of Narra- 
gansett Bay, and the collection of data bearing upon their ownership. 
Page 21. 

Fourth. The continued examination of the physical and biological 
conditions of the waters of the Bay, begun in 1898. Page 29. 

Fifth. A continuance of the survey of the shores of the Bay, for 
the purpose of determining those portions which are most productive 
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of seed-clams, those most favorable for the planting of clams and for 
the distribution of lobster fry. Page 103. 

Sixth. The continued investigation of the life-history of the 
clam. Methods of artificial propagation and cultivation. Page 105. 

Seventh. The efforts to prevent the illegal taking of short lobsters 
Page 110. 

Eighth. The propagation of lobster fry for the purpose of in- 
creasing the supply of lobsters in the waters of the state. Methods 
of artificial propagation and cultivation. Page 111. 

Ninth. The continued investigation of the life-history of the 
lobster. Page 153. 

The list of members of the Fisheries Conmiissions or Departments 
of the United States and the several states and territories, compiled 
by the United States Bureau of Fisheries, is submitted in Appendix 
A, and a copy of the fisheries laws of Rhode Island is given in 
Appendix B. 

Respectfully submitted, 

Wm. p. MORTON, Secretary. 
December 31, 1905. 
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I. The Stocking of our Ponds and Streams with Suitable 
Fresh-water Fish, Through the Distribution of Fry. 

Trout. 

Your Commission has purchased 48,300 yearling trout, and these 
have been placed in suitable streams throughout the state. The 
distribution of these fish in the northern part of the state was in 
charge of Messrs. Roberts and Boardman; in the central part, of 
Messrs. Root and Morton; while Newport county and the southern 
part of the state were cared for by Messrs. Southwick and Willard, 
respectively. 

Bass. • 

During the year 1905 we again received, through the kindneSs 
of the Bureau of Fisheries of the Department of Commerce and 
Labor, a consignment of black bass. In all 700 small-mouth black 
bass and 300 large-mouth black bass were distributed in such ponds 
as are known to be suitable for the propagation of these fish. This 
number is slightly larger than the number received last year. 

Pickerel. 

A slight addition to the General Laws of the state was made by 
the General Assembly at its last session, to make the taking of 
pickerel under 10 inches illegal. A copy of the law follows: 

CHAPTER 1125. 

An Act for the Protection of Pickerel and in Addition to 
Chapter 171 of the General Laws, Entitled "Op 
Certain Fisheries." 

Section 1. Every person who catches or takes from any of the 
waters of this state or has in his or her possession any pickerel less 
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than 10 inches in length, shall be fined five dollars for each such 
oflfence; but any person catching or taking any pickerel less than 10 
inches in length from any of the waters of this state and immediately 
returning the same alive to the water from which taken, shall not 
be subject to such fine. The possession of any such pickerel not of 
the prescribed length shall be prima fade evidence to convict. 
Sec. 2. This act shall take effect upon and after its passage. 
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II. The Collection of Data and Statistics Relating to the 
Commercial Fisheries. 

It would be impossible to estimate at all accurately the total 
amount of fish caught in the waters of the state. The nearest to 
accurate data that can be obtained are those derived from the books 
of the transportation companies. The tables here submitted show 
the amount of shipments and the yeariy variation in shipments 
from the city of Newport by regular transportation lines, but are 
no indication of the total amount of fish caught. 

Table Showing the Number of Barrels of Fish, Lobster a. Crabs, Clams, Sounds cmd 

Roe Shipped out of the State from Newport by Regular Transportation Lines. 

Also the Number of Swordfish, Horse-Mackerel, Sturgeons, and Sharks 

for Each Month During the Year 1906. 



I 






i^ 



nil 



til 



January. . . 
February. . 

March 

April 

May 

June 

July 

August — 
September 
October. . . 
November. 
December. 

Total. . . 



1,264 

393 

417 

449 

10,467 

16,064 

3,961 

5,104 

3,559 

4,087 

2,762 

1,600 



50,127 



202 
122 
104 

72 
122 
105 

91 

104 

7 

2 



46 



977 



18 
52 
34 
15 
2 
1 



122 



3 

3 

10 

30 

24 

6 

1 



67 

611 

22 

3 
18 

2 



6 

80 

1 

4 



80 



23! 



3 723 



91 



14 
3 
3 



1 Porpoise. 
1 Shark. 



26 
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Table of Fiahf Lobsters, etc.. Shipped from Newport by Regular Transportation 
Lines Old of the State for the Past 18 Years, 



YEAR. 


1 

m 


i 


•s 


*o 


5 

JS 


II 


1 

1 


i 




ZOQ 


1 

1.- 


ll 


1887 


16,657 
15,033 
19,306 
8,933 
18,032 
26,832 
24,452 
17,769 
24,622 
20,425 
25,098 
34,065 
34,917 
38,184 
50,500 
53,986 
54,384 
62,106 
50,127 


834 
1,161 
2,047 
2,650 
2.204 












1 








1888 












1 • • • • 

! . . . . 








1889 






















1890 






















1891 






















1892 


2,123 
1,399 
2,392 
2,119 
1,728 
2,039 
1,163 
4,143 
4,793 
4,393 
4,342 
1,474 
1,921 
977 






















1893 


.... 




















1894 






















1895 






















1896 












143 
45 

74 
162 


.... 
.... 








1897 





















1898 




















1899 





















1900 












166 
21 
179 
164 
554 
723 










1901 




















1902 


18 


1 

84 

45 

122 
















1903 








79 

336 

91 


11 






1904 


8 
80 










1905 


23 


3 


26 


1 


.... 

1 


Total.. 


595,428 


43,902 


18 


252 


88 


23 


3 


2,231 


506 


37 


1 


1 



One or two facts are noticeable in these tables. First, the number 
of barrels of fish shipped in 1905 is less than for any year since 1900. 
This does not necessarily indicate any particular scarcity of fish, 
but merely that changes are taking place in regard to the transporta- 
tion lines made use of by the fishermen in shipping their catch. 
From the somewhat scanty data at hand there can be no doubt that 
the amount of fish caught has not appreciably decreased in the last 
ten years. The gradual development of the crab industry is also 
noticeable. The market for crabs is becoming better every year. 
Your Commission believes that, as the lobster experiments are now 
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on a firm foundation, attention should be paid to the crab question, 
which in the future is destined to become more and more important. 
Another striking fact is the rapid increase in the shipment of sword- 
fish. Each year finds more boats engaged in this lucrative fishery, 
and the fishes were more abundant this year than usual. The 
market for horse-mackerel, which are still abundant in offshore 
traps, and sturgeon, is also developing, and it is only a question of 
time when the demand for sharks and dogfish also will become 
insistent enough to attract the attention of enterprising fishermen. 

It seems strange that, as yet, no one has undertaken the capture 
and marketing of the tilefish. In these days, when everything that . 
comes to the hook is game or food, the neglect of this abundant 
supply of fine food fishes right at our doors is surprising. The work 
of Dr. Bumpus, formerly of this Commission and of the United States 
Bureau of Fisheries, showing that there is an abundant market 
for this fish and that it can easily be secured by fishermen from this 
state, which was fully described in the 29th Annual Report of this 
Commission for 1898, seems to have attracted scarcely any attention. 

The codfish season was better than usual this year. The scup 
season was poor. The scup season at Block Island lasted several 
days later than along the shore. This may be accounted for by the 
later season this year, or perhaps because of the large run of pollock 
which occurred offshore from Brenton Reef to Sakonnet about May 
15th. This w^as the largest run of pollock for years. The flatfish 
season was also very late, extending into May. 

On the whole, the line fishing in the bay was good; tautog, sque- 
teague, scup, and flatfish were fairly abundant, and, for the first 
time in several years, bluefish were taken in the upper waters of the 
Bay. 

The menhaden season was a poor one. The factories could not 
pay dividends. The epidemic among these fishes during the summer 
of 1904 may be to blame for this scarcity. Plans were made to 
continue the study of the disease this year. It was expected that it 
would recur again, but these expectations were not realized. With 
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the exception of a few dead fish found in the head waters of the Bay 
and one or two living fish showing symptoms of the disease seen in 
the neighborhood of Pawtuxet on June 9th, and one at Wickford 
on June 15th, no cases were observed. At any rate, menhaden were 
not nearly so abundant in the bay in 1905, and this fact lends credence 
to the belief that the epidemic was but the result of ov.erpopulation, 
the effort of nature to regulate the overabundance of this particular 
fish, and was only indirectly due to pollution of the water. 

The scallop fishery this year was again practically a negative 
■quantity. There were no scallops in the bay. It will be recalled 
that in 1901 the set was so thick that, in the late fall the shores 
w^ere actually lined with the shells of those which had been exposed 
by the tide and then chilled by the cold. These, of course, would 
not have been of marketable size until the next fall, since the seed 
scallops are protected by law. Unfortunately, for some imknown 
reason, there was not much of a set in the summer of 1902, except in 
Greenwich Bay. In the fall of this same year the scallop fishing 
ended two months after the beginning of the open season, because 
the scallops were practically exterminated. The winters of 1903 and 
1904 were unusually severe, and seemed to still further decrease 
the supply of scallops. This season there has been no scallop fishing 
whatever in the Bay. Only one place has been reported where more 
than one bushel has been taken, and that was near Fogland Pqint in 
the Sakonnet River. The winter up to February has been unusually 
mild and the men along shore report the occasional finding of con- 
siderable numbers of scallops, which have worked out from some 
unobserved spot in the eel-grass. This seems to indicate that 
enough are left to replenish the waters of the Bay if given an oppor- 
tunity. 

It may be that the previous two winters have been mainly re- 
sponsible for the great reduction in the number of these shell-fish. 
It is our opinion, however, that unrestricted fishing has been the real 
trouble. Such an important industry and such a valuable food 
animal should not be allowed to pass away without some efforts to 



Digitized by LjOOQIC 



REPORT OF COMMISSIONERS OF INLAND FISHERIES. 



19 



prevent it. A few close seasons would undoubtedly enable them 
to gain a foothold again, and then, with proper regulation of the 
fishing, they could be protected from complete extermination. 
Your Commission has made some efforts toward planting scallops 
in favorable places in the Bay, but as long as fishing is permitted to 
such an extent that all opportunities for breeding are destroyed, it 
will be impossible to get results. 

The following table indicates the amount of the lobster catch for 
the year 1905, as far as can be estimated from the reports of market- 
men and wholesale dealers. It will be noticed that the amount of 
lobsters has increased 122,296 pounds over last year. 



Number of Pounds of Lobsters Caught in Rhode Island Waters for the Season of 

1904 and 1905 



Fish Markets. 



1004. 



Burlingame & Carey 12,000 Pounds. 

Toliefson & Dewitt 10,000 '' 



6,000 
9,000 
800 
9,500 
5,000 



Lawton 

Wyat 

Ring 

Smith 

Easterbrooks 

Ash 15,000 

Lancaster 5,000 

Crowly 500 

C. B. Anderson 34,074 

H. McGinn 113,430 

Saloons and Restaurants 6,700 

Sakonnet, ] 

Block Mand, (^^^^ ^^^ 

Watch Hill, i 

Narragansett Pier, j 

Sakonnet 

Block Island 
Watch Hill 
Narragansett 



land, ^ 

liii, y 

Qsett Pier, ) 



Total 377,004 Pounds. 



1905. 


8,079 Pounds. 


15,000 '' 


8,000 '' 


8,004 " 


550 '^ 


10,000 " 


6,525 '' 


20,636 '* 




31 .965 Pounds. 


147,484 - 


45,436 *' 


97,641 Pounds. 


100,000 " 


499,300 Pounds. 



Digitized by 



Google 



20 



REPORT OF COMMISSIONERS OF IXLAXD FISHERIES. 



Number of Boats Engaged in Lobster Fishing in this State for the Years 1904 and 

1905. 



Sailboats. I Rowboats. 



I 



Pots. 



1904. 19()5. 



1904. , 1905. 1904. 1905. 



Newport 36 

Narragansett 3 

Saunderstown 1 

Sakonnet 1 

East River 3 

Warren 2 

Green HUl 

Watch HUI 1 

Block Island 8 

Jamestown 

Point Judith 

Total 55 



36 I 35 



30 



5,000 6,050 



2 


400 


350 


1 


150 


100 


5 


250 


250 


2 


185 


260 


2 


180 


200 


1 


70 


70 


4 


400 


400 


2 


1,200 


1,200 


3 


100 


100 


3 




200 



53 



r.935 



9.180 



Lobsters Received from Nova Scotia from December 19, 1904, to June, 1905. 



Crates. ' Pounds, Shorts.* Egg. 



( 



December 271 

January 395 



February. 
March.. 
April... 
May. . . 
June. . . 



153 
320 
161 
262 
194 



47,395 
68,775 
26,775 
56,600 
28,175 



647 
1,110 
627 
800 
330 



45,850 1,421 
33,950 235 



22 

50 

6 

10 

8 

58 

58 



Total, 1905 1,756 | 307,520 5,170 ; 212 

Total, 1904 2.209 386,565 4.577 | 116 



* The short lobsters in the above shipments were seized by the deputies and liberated in 
Rhode Island waters. 
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III. The Location of Fish-Traps within the Waters of Nar- 

RAGANSETT BaY, AND THE COLLECTION OF DaTA BeARING 

UPON Their Ownership. 

A glance at the table giving the number of traps for each year 
since 1898, which is appended, shows that there has been a steady 
increase in the number of traps in Narragansett Bay and vicinity. 
Whereas in 1898 there were 119 traps, in 1905 there are 240. Sub- 
tracting from the latter the 6 which were set off Block Island, and 
were not included in the earlier reports, we see that in the past eight 
years the number of traps lacks only four of having doubled itself. 

The depletion in the amount of fish caught, which it was feared 
would be the outcome of extensive trap fishing, does not seem to have 
taken place. It should be remembered that the amoimt of fish 
caught this past year can not, with any approach to accuracy, be 
compared with years more than a decade ago. For the earlier 
years we are mostly dependent on the memory of the fisliermen and 
not on any reliable records. Allowing for fluctuations from year to 
year, there can be Uttle doubt that the amount of fish has not ap- 
preciably decreased during the past ten years. 

The distance which the traps have been placed from shore has 
increased very markedly. The immense traps of the Fisheries 
Company last season extended in an unbroken line for a distance of 
three miles from Sakonnet Light, and the results of the past season's 
fishing have caused the fishermen to decide to still further extend 
their traps in the coming year. Offshore fishing has also been carried 
on later in the fall with good success. 

The principal items in regard to the past season's fishing are the 
lateness of the season, both in time of commencement and length 
of run, and the unusual abundance of pollock and horse-mackerel. 
It might also be stated here that the impounding of scup which has 
taken place for the last few years seems to be of benefit to the scup 
fisheries in an unlooked-for manner. The scup which are thus 
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impounded are full of spawn and, being retained for some time, are 
compelled to discharge their spawn in Rhode Island waters, the 
traps often swarming with fry. It is the accepted belief of fish 
culturists that fry hatched in one place tend to return each year to 
that particular place. If this is true the impounding is greatly 
beneficial to the scup industry in our state. 

The location of the traps is shown in the two accompanying charts. 
(Charts I and II.) 

Table showing Number and General Distribution of Fish- 

Traps since 1898. 

The following arbitrary divisions have been made for the sake- 
of convenience : 

I. Providence River, — South to a line joining Warwick Point and 
Popasquash Point. 

II. Greenwich Bay. — South of Providence River division in west 
passage to a line drawn east and west touching southern part of 
Hope Island. 

III. West Passage. — The west passage south of Greenwich Bay 
region to a line drawn due west from Beaver Tail and west of line 
connecting the east end of Greenwich Bay boundary and North 
Point. 

IV. Mount Hope Bay. — North of railroad bridge, Tiverton, and 
a line connecting Bristol Ferry and Muscle Shoal Light. 

V. East Passage. — South of Providence and Mount Hope Bay 
divisions and north of a line from Beaver Tail to Brenton's Point. 

VI. Sakonnet River. — The Sakonnet River south of railroad 
bridge to line connecting Flint Point and the breakwater. 

VII. Off Shore. — Traps south of above divisions and not including 
Block Island. 

VIII. Block Island. 
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YEAR. 


Providence 
River. 


L 


1. 


1 
II 


P 


it 


i. 

o 

i- 


1898 


4 


6 


26 


9 


34 


15 


25 


1899 


3 


10 


23 


11 


35 


15 


24 


1900 


4 


16 


24 


16 


34 


12 


29 


1901 


7 


15 


24 


13 


52 


14 


26 


1902 


6 


22 


27 


13 


52 


14 


27 


1903 


7 


21 


32 


13 


72 


16 


30 


1904 


6 


27 


33 


7 


78 


14 


49 


1905 


6 


26 


33 


11 


82 


20 


56 



119 
121 
135 
151 
161 
195 
220 
240 



1905. 
Off-Shore Traps. 

Anderson, C South Cormorant Rock. 

Brightman, W. (00)* Seal Ledge. 

Brightman, W Below Bull Rock. 

Brightman, W Below Cormorant Co. 

Brownell, James Lower Pier. 

Brownell, James North Point Judith. 

Brownell, James Coggeshall's Ledge. 

Brownell, James (00) Halfway Rock. 

Calvert, G. (000) Spouting Rock. 

Church, J Lower Pier. 

Church, J South Lower Pier. 

Church, J Coggeshall's Ledge. 

Church, J Coggeshall's I^ge. 

Church, J Cormorant Rock. 

Cook, G. (00) Xorth Sakonnet Light. 

Easterbrooks, C. (00) Price's Neck. 

Fisheries Company Coggeshall's Ledge. 

Fisheries Company (00000000) Sakonnet Light. 

*The dphers Indicate the number of traps set in line on one strinc of leaders. 
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Griffin & Taylor Narrow River. 

Grinnel & Gray Sakonnet Light. 

Lockinger, H South Breakwater. 

Lockinger, H Sakonnet Point . 

Macomber & Simmons (00) Below CoggeshalPs I^ge. 

Providence Fish Co South Cormorant Rock. 

Providence Fish Co (00) West Sakonnet Light. 

Rose, W Below Cormorant Rock. 

Rose, W • West Cormorant Rock. 

Rose, W South Cormorant Rock. 

Rose, Geo. (00) North Sakonnet River. 

Sakonnet Oyster Co Below Cormorant Rock. 

Sakonnet Oyster Co Seal Rock. 

Sakonnet Oyster Co. (00) Below Seal Rock. 

Tallman, B South Cormorant Rock. 

Tew, R West Price's Neck. 

Wait, B Breakwater. 

Wilcox, H. (00) East Cormorant Rock. 

Wilcox, H South Cormorant Rock. 

Wilcox, H South Warren's Point. 

Other Traps. 

Anderson, C. B Coddington Cove. 

Anderson, C. B Coddington Cove. 

Brayton, G. (00) North Prudence Park. 

Brayton, G Pine Hill Point. 

Carpenter, George South Ferry. 

Corey, Ed. (00000) Lower West Shore, Sakonnet River. 

Corey, Ed Church's Cove. 

Corey & Martin (00) High Hill Point. 

Corey & Martin (0000) North Brown's Point. 

Corey & Martin (00) South Brown's Point. 

Cottrell, S West Popasquash Neck. 

Cottrell, S West Popasquash Neck. 
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Cottrell, S West Popasquash Neck. 

Cottrell, S West Popasquash Neck. 

Cottrell, S Mount Hope Point. 

Cottrell, S South Mount Hope Point. 

Cottrell, S Upper East Sakonnet River. 

Cottrell, S North Pine Hill Point. 

Cottrell, W North Tiverton. 

Cottrell, W North Tiverton. 

Dennis, M Island Park. 

Falkner, G South Portsmouth. 

Fish, Clinton North Tiverton. 

Fish, Clinton North Tiverton. 

Fish, Clinton North Tiverton. 

Fish, Clinton (00) McCurry's Point. 

Gladding, A. B. (00) Castle Hill, South. 

Gray Bros. (00) North Wood's Castle. 

Gray Bros. (00) North Wood's Castle. 

Gray Bros. (00) North Wood's Castle. 

Gray Bros. (000) South McCurry's Point. 

Gray Bros. (0000) West Prudence Island. 

Gray Bros Southwest Prudence Island. 

Harvey, Charles South Coal Mines, West Shore Rhode Island. 

Hicks, O. G '. . .Castle Hill, South. 

James, Arnold Taylor's Point. 

James, Arnold Jamestown. 

James, Arnold Mackerel Cove. 

Kays & Brayton ^ North Pine Hill Point. 

King, Charles Fogland Point. 

King, Charles Fogland Point. 

King, Charles Fogland Point. 

Lake & Northup Hull's Ledge. 

Lake & Northup Conanicut. 

Lake & Northup (00) Quonset Point. 

Lake & Northup Clark's Point. 

4 
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Lawton, Ed Mackerel Cove. 

Lawton, Ed Mackerel Cove. 

Lawton, F Mackerel Cove. 

Lawton, F. (00) Brenton's Cove. 

Lawton, F '. Mackerel Cove. 

Lawton, F Castle Hill. 

Lewis Brothers Scragg Rock. 

Lewis Brothers Scragg Rock. 

Lewis Brothers North Old Ferry. 

Lewis Brothers Packard's Rocks. 

Lewis Brothers (00) Wild Goose Point. 

Lewis Brothers West Vial's Creek. 

Lewis Brothers Dutch Island Harbor. 

Lewis Brothers North Dutch Island Harbor. 

Lewis Brothers The Hummocks. 

Lewis Brothers Sandy Point. 

Lewis Brothers Sandy Point. 

Lewis Brothers Fowler Rocks. 

Lewis, Will (000) South Fogland Point. 

Lewis, Will (00) North Brown's Point. 

Locke, Moses Buttonwoods. 

Locke, Moses Chepiwanoxet. 

Madison, Peter Buttonwoods. 

Madison, Peter Buttonwoods. 

Manchester, A. (00) South Sandy Point. 

Manchester, A. (000) North Sandy Point. 

Manchester, D Quonset Point. 

Manchester, D Vial's Creek. 

Matteson, C Fox Hill. 

Matteson, C Conanicut. 

Mitchell, E. (00) North Prudence Park. 

Mitchell, E South Pojac Point. 

Negus Brothers North Mount Hope Point. 

Northup & Co Austin's Hollow. 
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Providence Fish Co Wood's Castle. 

Rice, H. H Warwick Neck. 

Rose, George Upper East Shore, Sakonnet River. 

Rose, George Upper East Shore, Sakonnet River. 

Rose, George North Breakwater. 

Rose, George North Mount Hope Point. 

Rose, George North Mount Hope Point. 

Rose, Ed . . *. Upper East Shore, Sakonnet River. 

Rose, Ed South Stone Bridge. 

Rose, Sam Upper East Shore, Sakonnet River. 

Rose, Sam (00) North Sapowet Point. 

Rose, Sam South Sapowet Point. 

Rose, Sam (0000) South Sapowet Point. 

Shepard, J. (00) North Point. 

Shepard; St. John Poplar Point. 

Sisson, South Greenwich Bay. 

Smith Brothers S. E. Point, Prudence. 

Smith Brothers S. W. Point, Prudence. 

Snriith Brothers East Shore, Conanicut. 

Smith Brothers East Shore, Conanicut. 

Smith, John Fox Island. 

Spink, J. W Dutch Island Harbor. 

Spink, J. W Fox Hill, North. 

Taber, J North Tiverton. 

Tallman, B Corey Wharf. 

Tallman, B South Black Point. 

Tew, G Flint Point. 

Tillinghast, G Warwick Point. 

Tourgee, P Austin's Hollow. 

Tourgee, P Beaver Head. 

Tourgee, P South Saunderstown. 

Wilcox, H. (00) .South High Hill Point. 

Wilcox, H. (000) .South High Hill Point. 

Wilcox, H Church's Cove. 
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Wilcox. H Lower East Shore, Sakonnet River. 

Wilson, Al Pojac Point. 

Wilson, Al Buttonwoods. 

Wilson, W. (00) Fogland Point. 

Wilson, W. (00) , . . . .High Hill Point. 

Wilson, W. (000) Sandy Point. 

Wilson, W. (0000) North Black Point. 

Wilson, W. (000) South Sandy Point. 

Wilson, W Sandy Point. 

Wilson, AV South High Hill Point. 
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Cbabt III.— Showing the mazSmnm and minimom air temperature at the Wickford Laboratory of the 
Bhode laiand OomminiOD of Inland Flaheriet from Jane 16 to Aognst 1, 1905. 
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IV. The Continued Examination of the Physical and Bio- 
logical Conditions of the Waters of the Bay, Begun 
IN 1898. 

The following charts represent the observations made during the 
past year of the air and water temperature and the water density. 
Some of them cover only the months during which the lobster 
hatching was going on, while the observations of water temperature 
extend over the entire year. (Charts III, IV, V, VI and VII.) 

As a beginning of the report of the examination of the biological 
condition of the Bay, two lists are appended, one of the shell-fish or 
inollusca which have been found in the Bay, and the other of the 
fishes which occur in Rhode Island waters. 

The lists have been prepared by collecting all authentic observa- 
tions found in the literature and adding to these all data in the 
hands of the Commission. 

The list of mollusca w^as prepared by Mr. E. W. Barnes and the list 
of fishes by Mr. H. C. Tracy. To the list of fishes is added a short 
illustrated description of the Herring Family, a group of fishes in 
which there exists considerable confusion as regards the names in 
use by fishermen. 
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A PRELIMINARY LIST OF THE MARINE MOLLUSCA OF 
RHODE ISLAND. 



BT ERNEST W. BARNES, 

AMISTANT SUPBUtmNDENT AT THB WICKrOBD LA.BOBATOBT. 

I. CEPHALOPODA. 

DIBRANCHIATA. 
Dbcapoda. 

Spirula peronii, Lamarck. 
Loligo peallii; LeSueur. 
Omnastrephes illecebrosa, LeSueur. 

II. GASTEROPODA. 

PULMONATA. 
Basommatophora. 

Alexia myosotis, Draper. 
Melampus bidentatus, Say. 

OPISTHOBRA NCHIA TA . 

NUDIBRANCHIATA. 

Aeolis papulosa, Lov6n. 

Dendronotus arborescens, Aid. & Hancock. 

Doto coronota, Lov6n. 

Polycera lessonii, D'Orbigny. 

Tergipes despectus, Adams. 

Tbctibranchiata . 

Cylichna alba, Brown. 
Cylichna oryza, Totten. 
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Tomatella puncto-striata, Adams. 
Diaphana debilis, Gould. 
Uriculus canaliculatus, Say. 

PROSOBRANCHIATA. 
Rachiglossa. 

Turbinellidce . 

Fulgur carica, Gmelin. 

Sycotypus canaliculatus, Linnaeus. 

Turbinella elegans, Verrill. 

Turbinella intemipta, Adams. 
Btu^cinidcB. 

Sipho stimpsonii, Morch. 

Sipho pygmaeus, Gould. 

Astyris rosacea, H. & A. Adams. 

Neptunea curta, Verrill. 
NassidcB. 

Phrontis vibex, Say. 

Tritia trivittata, Say. 

Ilyanassa obsoleta, Say. 
Columbellidce. 

Anachis a vara, Say. 

Anachis diaphana, Verrill. 

Anachis pura, Verrill. 

Anachis rosacea, Gould. 

Columbella lunata. Say. 

Columbella dissimilis, Stimpson. 
MuricidcB. 

Eu pleura caudata. Say. 

Urosalpinx cinera, Say. 

Purpura lapillus, Linnaeus. 

Tabniojglossa. . 
CerUhiidcB. 
Triforis nigrocinctus, Adams. 
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Bittium nigrum, Stimpson. 

Bittium greenii, Adams. 

Cerithiopsis terebralis, Adams. 

Cerithiopsis emersonii, Adams. 
Littorinidce. 

Lacuna divaricata, Fabricius. 

Littorina irrorata, Say. 

Littorina littorea, Linnaeus. 

Littorina palliata, Say. 

Littorina tenebrosa, Mont. 
Vermetidce, 

Vermetus radicula, Stimpson. 
Ccecidce, 

Coecum cooperi, Smith. 

Coecum pulchellum, Stimpson. 
Rissoidce, 

Littorinella aculeus, Gould. 

Littorinella exarata, Stimpson. 

Littorinella minuta, Totten. 
Hydrohiidce. 

Amnicola limosa, Say. 
Skeneidce. 

Skenea planorbis, P^abicius. 
Carpulidcp, 

Crepidula convexa, Say. 

Crepidula fomicata, Say. 

Crepidula, plana, Say. 

Crucibulum striata, Say. 
Naticidoe. 

Lunatia heros, Say. 

Lunatia triserrata. Say. 

Natica pusilla, Say. 

Neverita duplicata, Say. 

Mamma immaculata, Totten. 
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Ptbnoglossa. 
Scalariidw, 

Scalaria lineata, Say. 

Scalaria groenlandica, Chemnitz 

Scalaria multistriata, Say. 
lanthinidce, 

lanthina fragilis, Deshayes. 

Gymnoglossa. 

Pyramidellidce, 

Odostomia bisiituralis, Say. 
Odostomia dealbata, Stimpson. 
Odostomia fusca, Adams. 
Odostomia seminuda, Adams. 
Odostomia trifida, Totten. 
Odostomia producta, Adams. 

Rhiphidoglossa. 

Trochidoe, 
Margarita helicina, Fabricius. 
Margarita obscura, Coiithouy. 

DOCOGLOSSA. 

AcmcBidcB. 
Acmsea testudinalis, Miiller. 

III. SCAPHOPODA. 

IV. PELECYPODA. 

EULAMELLIBRANCHIATA. 
Anatinacea. 
Anatinidce, 

Anatina papyracea, Say. 
Cochlodesma leana, Conrad. 
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Thracia conradii, Couthouy. 

Thracia truncata, Mighels & Adams. 
PandoridoB. 

Clidiophora trilineata, Say. 
Lyonsiidce. 

Lyonsia hyalina, Conrad. 

Pholadacea. 
Plioladidce, 
Pholas costata, Linnaeus. 
Pholas truncata, Say. 
Zirphsea crispata, Linnaeus. 

TeredinidcB. 
Teredo navalis, Linnaeus. 

Myacea. 
Myxdce, 
Corbula contracta, Say. 
Mya arenaria, Linnaeus. 

GlycimeridoR. 

Saxicava rugosa, Linnaeus. 

Solenid(B. 

Siliqua costata, Say. 
Solecurtus gibbus, Spengl. 
Ensatella americana, Gould. 
Solen viridis. Say. 

Psammobiidce. 

Macoma sabuiosa, Morch. 
Macoma fusca, Say. 

Cardiacea. 
Cardiidce, 

Cardium pinnulatum, Conrad. 
Lsevicardium mortonii, Conrad. 
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Vbnbracea. 
Veneridce. 
'Cytherea matracea; Linsley. 
Venus mercenaria, Linnseus. 
Callista sayii^ Conrad. 
Tottenia gemma, Totten. 
Callista convexa, Adams. 
Turtonia minuta; Stimpson. 
Petricolidce. 

Petricola pholadiformis, Lamarck. 

Tellinacea. 

TellinidcB. 

Angulus tenera, Say. 

Tellina tenta, Say. 
Mactridce, 

Mactra solidissima; Chemnitz. 

Mulinea lateralis, Say. 

Ceronia arctata, Conrad. 

SUBMYTILACEA. 

Astartidce. 

Astarte castanea, Say. 

Astarte quadrans, Gould. 

Astarte undata, Gould. 
Cyrenidoe. 

Cyclas dentata, Wood. 
Cardiiidce, 

Clyclocardia borealis, Conrad. 
Cyprinidce. 

Cyprina islandica, Linnaeus. 
Erycinidce. 

Kellia panulata, Stimpson. 

Lepton fabagella, Conrad. 



Digitized by LjOOQIC 



36 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 

Lucinidoe, 

Lucina filosa, Stimpson. 

Cryptodon gouldii, Adams. 

Cryptodon obsesus, Verrill. 

PSEUDOLAMELLIBRANCHIATA. 
Ostreidw. 

Ostrea borealis, Lamarck. 

Ostrea virginica, Lamarck. 
Pectinidce. 

Pec ten irradians, Lamarck. 

Pecten tenuicostatus, Mighels & Adams. 

FILIBRANCHIATA. 
Arcacea. 
ArcadoB, 
Argina pexata, Say. 
Scapharca transversa, Say. 
Mytilacea. 
Mytilidce. 
Crenella grandula, Totten. 
Modiola hamatus, Say. 
Modiola modolius, Linnaeus. 
Modiola plicatula, Linnaeus. 
Mytilus edulis, Linnaeus. 
Modiolaria discors, Linnaeus. 
Anomiacea. 
AnomiidcB, 

Anemia aculeata, Gmelin. 
Anomia glabra, Verrill. 

PROTOBRANCHIA TA. 

NucuUdce. 

Nucula delphinodonta, Mighels. 
Nucula proxima, Say. 
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I^a tenuisulcata, Stimpson. 
Yoldia obesa, Stimpson. 
Yoldia limatula, Say. 
Yoldia sapotila, Gould. 
Solenomyid(e, 

Solenomya borealis, Totten. 
Solenomya velum, Say. 

V. AMPHINEURA. 
■Chitones Regulares. 
Ischnoidea. 

Chastopleura apiculatus, Say. 
T^:achydermon ruber, Lowe. 
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A LIST OF THE FISHES OF RHODE ISLAND. 

PLATES I TO XII. 
BY HENRY C. TRACY, A. M., 

BROWN UNIVBRSITT, PBOVTDBNCB. R. 1. 



In the year 1898 the Commission of Inland Fisheries began a 
"systematic examination of the physical and biological conditions 
of Narragansett Bay." The importance of the study of the fish 
fauna, as a part of this investigation, is obvious from a practical as 
well as from a scientific point of view. Such a knowledge of the 
fishes of Rhode Island waters as would be given by a thorough 
investigation of their distribution, times of occurrence, food, diseases, 
enemies, etc., would furnish a body of facts in themselves of very 
great value to the scientist, to the sportsman, and to the man prac- 
tically interested in the commercial aspect of the fisheries; and, 
furthermore, it is only by the possession of such facts that important 
problems regarding the life history and life conditions of any species 
can be solved. 

Since the biological study of Rhode Island waters was begun, 
numerous isolated facts regarding the fishes of these waters have 
come into the possession of the Commission, some of which have 
been included from time to time in its annual reports. But the 
only systematic contribution to this investigation which has been 
published heretofore is the "List of Fishes of Narragansett Bay," 
by Dr. H. C. Bumpus, which was contained in the report of the 
Commissioners of Inland Fisheries for 1900. This was a bare list 
of fishes, as the title indicates, with no notes or information regarding 
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Any of the species included. The report for 1901 contained a further 
^contribution to this subject, under the title "Additions to the List 
of Fishes Known to Inhabit Narragansett Bay, with Remarks on 
Rare Species Recently Caught." 

It is the purpose of this present paper to complete and extend 
as far as possible the list of fishes above referred to, and also to 
include under the name of each species in the list such notes as will 
contain whatever information is in the possession of the Commission 
regarding its abundance, time of occurrence, habits, etc. It seems 
best to bring these notes together at this time as a matter of per- 
manent record, although they are necessarily of a fragmentary and 
incomplete nature. They are intended rather as a basis of investiga- 
tion which may result in a future comprehensive paper than as any 
important contribution to our knowledge of the fishes mentioned. 

The original list was intended to contain only those fishes which 
were known to inhabit Narragansett Bay. But it is impossible 
to adequately understand the life history of many of our important 
food fishes, most of which are pelagic and migratory in their habits 
during a considerable portion of their existence, unless- the fish 
fauna of the open water is included in our investigation. Further- 
more, the ofifshore fisheries between Newport and Sakonnet and 
those of Block Island are of great importance to the citizens of 
Rhode Island; and the rich variety of rare species already known 
to have been taken in those waters is of great scientific interest. 
For these reasons it has seemed best to extend the list so as to include 
every fish which has been known to be present in the waters of 
Rhode Island, using that term broadly to include, besides Narragan- 
sett Bay, the fresh water streams of the state, and the open waters 
of the ocean bordering on the southern shores of the state and of 
Block Island. 

The material used in the preparation of this list has been derived 
from the following sources: 

1. The "List of Fishes in Narragansett Bay," by Dr. H. C. 
Bumpus, referred to above. 
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2. Data gradually acquired by the Fish Commission in years past. 

3. Data furnished by Mr. E. W. Barnes, of Wickford, R. I., 
Superintendent of the Experiment Station. The data secured by 
Mr. Barnes has been very valuable, especially that portion of it 
relating to the more important food fishes. 

4. Statements regarding time of occurrence, abundance, etc., of 
various fjshes, made by fishermen and others practically interested. 
I am under special obligations to the Lewis Brothers, of Wickford, 
for information of this kind and for other favors, for which I here 
make acknowledgment. 

5. Collections made at various times in the past, particularly by 
the late Prof. J. W. P. Jenks, and by Mr. J. M. K. Southwick, of 
Newport, Vice-president of the Commission. 

6. Collections and personal observations made by the writer, 
chiefly during the year 1905. Visits were made to the fish-traps 
with the fishermen at various times throughout the season; at each 
haul specimens were taken, and records were made of the date, 
species present, abundance, size, and any other data which seemed 
desirable. The seine was also used in securing the young of many 
fishes and the smaller shore fishes. 

I should add, further, that in several cases references of the isolated 
occurrence of certain rare species in Rhode Island waters have been 
found in various works on ichthyology or in special papers.. I have 
made use of these sources also, as a matter of record, giving the 
proper reference under each particular species. 

The material for the notes on the food of the various species, in 
addition to data obtained by personal observation, has been taken 
from a variety of sources. The observations on the stomach contents 
of fishes made by Dr. Edwin Linton, and published in the Bulletin 
of the United States Fish Commission for the year 1899, have been 
largely used. It has seemed scarcely necessary to give authorities 
for statements as to the food of the different fishes in cases in which 
there is general agreement. 
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The experiences of the past suggest the following as profitable 
lines of future work : 

1. Frequent and systematic visits to the traps mith the fishermen. 
A great variety of information can be obtained in this way w^hich it 
is difficult to secure otherwise. It is possible by this means to get 
almost any kind of data desired, on such points as the distribution 
of the fishes, their times of arrival and departure, abundance, sizes, 
food, spawning, enemies, etc. Reference to the list of fish-traps 
and their locations, contained in this report, shows that 240 traps are 
in operation in Rhode Island w^aters, and that they are scattered 
all the way from Point Judith to Providence River, from Providence 
River to Newport, out in the open water from Brenton's Reef to 
Sakonnet Point, up and down Sakonnet River, and off the exposed 
shore of Block Island. These traps, being scattered over such a 
distance, where the conditions are so very different, afford a most 
excellent opportunity of obtaining very reliable data by systemati- 
cally following trap fishing in a few chosen typical localities. 

2. Young fishes should be carefully studied. Very little work has 
been done in this line anywhere. Narragansett Bay, which is a 
favorite spawning ground of so many fishes, affords a great oppor- 
tunity for original work in this line. The discovery of means of 
identification of young fishes of different species is a great desidera- 
tum. 

3. The different sizes of fishes caught in (he traps at different times 
should be accurately ascertained and compared. This will throw light 
on such questions as the rate of growth, the age of sexually mature 
individuals, the movements of schools, etc. 

4. Study of the parasites of the fishes. These may frequently 
furnish clues to their migrations. 

5. Study of the diseases of the fishes by microscopical and bacterio- 
logical examination of pathological specimens. 

6. Careful observations of the condition of the reproductive organs 
of the fishes at different times to determine their breeding season. 
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7. Examination of the stonmch contents of the fishes to determine 
their food, 

8. Use of the tow-net and dredge in the spring and early summer for 
the securing of spaum. The location of favorite spawning grounds 
and means of identifying the spawn of different species are important 
points to be ascertained. 

9. Study of the fresh-water fishes. 

10. The special study of the fishes of Block Island, This island 
is located so near the boundaries between the northern and southern 
division of the Atlantic coast fauna, and is so near deep water that 
it undoubtedly has a fauna of great richness and variety. There is 
every reason to suppose that it is as favorably situated in these 
respects as Wood's Hole, where about 250 different species of fishes 
are recorded. Fishermen say that frequently in these offshore 
waters they take fish which are new to them, and that they see 
even whole schools of unfamiliar species. 

. Above are indicated some of the lines of work which will be followed 
in the future as far as time and circumstances allow.* 

A collection of fishes is also being made which is intended to con- 
tain, eventually, a specimen of every species known to inhabit 
Rhode Island waters.f 

A proper record of the results of future study and observation has 
been provided for in the form of a card catalogue of the species of 
fishes. This form of record admits of indefinite expansion and 
modification for the accommodation of new material, and makes it 
possible to have all the known data regarding any particular species 
readily accessible at a moment's notice. 

An appendix to the list of fishes is given which contains the 
names of certain species, most of which were taken by the United 

*ADy information regarding any phase of this subject, whatever, will be gladly reoehred 
from any one interested. Any facts relating to the time and places of spawning of diffwent 
fishes, and their movements and migrations, are particularly desired. 

tFresh or preserved specimens of rare and unusual fishes will be gratefuUy received from 
fishermen or others. They should be sent to the R. I. Fish Commission at Brown University » 
Providence. Record of the date and place of capture should be sent at the same time. 
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States Fish Commission while investigating the extent of the tilefish 
grounds. These grounds include an area between 69** and 73® 
west longitude and 40** 20' and 39** 47' north latitude, and are situated 
on the edge of the Gulf Stream, directly to the south of the Rhode 
Island coast. A complete discussion of the tilefish, which is the 
most important of the fishes taken in that region, will be found in 
the R. I. Fish Commission reports for 1899 and 1900, and in the 
Bulletin of the United States Fish Commission for 1898, page 321. 
If any apology is necessary for mentioning the fishes taken in waters 
at such a distance from Rhode Island, it may be said that a knowledge 
of the fish fauna of the Gulf Stream at that particular point helps 
to explain the occurrence of so great a number of tropical species in 
our coast waters, and also that, if the tilefish should become of any 
commercial importance, the location of the area in which it is taken 
is such that it would be more readily accessible to the Rhode Island 
fishermen than to those of any other state. With a few exceptions, 
the species mentioned in this appendix are surface forms. A com- 
plete enumeration of the deep-water fishes of this region would unduly 
extend the list by the inclusion of a large number of forms which have 
a closer relation to the deep-sea fauna than to the fauna of Rhode 
Island. 

Following the list of fishes is a short article on "The Common 
Fishes of the Herring Family." This has been added in the hope 
that it may aid in clearing up the confusion prevalent in this locality 
regarding the identity of some of the species of that family. Plates 
have been inserted to supplement the descriptions of the fishes 
mentioned. 

In order to make the identification of certain forms easier, plates 
are presented to show a few of our occasional visitors from southern 
waters, and also to illustrate the two species of the sturgeons which 
are common in the waters of Rhode Island. These plates have been 
reproduced from Goode's " Natural History of Aquatic Animals/' ex- 
cept Plate VI, which was taken from Jordan's " Guide to the Study 
of Fishes." 
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I. Annotated List of Fishes Known to Inhabit the Watkrs 

OF Rhode Island. 

In the following list there are arranged in systematic order, by 
families, all species of fishes known to have been found in the waters 
of Rhode Island. In nomenclature and sequence of species, "The 
Fishes of North America," Bull. U. S. Nat. Mus. No. 47, by Jordan 
and Evermann, has been followed. The fishes enumerated represent 
84 families, 149 genera, and 177 species. Of these about 30 are 
important food fishes; about 65 may be said to be rare, as far as the 
present records go; of these latter about 25 have been taken but once^ 
as far as is known. The type specimens of 6, or perhaps of 7, species 
were taken in Rhode Island waters. 

PETROMYZOMD^. The Lampreys. 

1. Petromyzon marinus (Linnaeus). Great Sea Lamprey ; Lamprey Eel. 

Geog. Dist. : Atlantic coast of Europe and America, south to Chesapeake 
Bay. 

Migrations: Ascends fresh water streams in spring to spawn. 

jSeasox in R. I.: Rare, sometimes caught in traps in Narragansett Bay, a 
few in Taunton River in spring. De Kay in 1842 described specimens 
from Providence. (De Kay, New York Fauna, Fishes, 1842, 381.) 

Reproduction: Spawns in fresh water in spring, dying after the process. 
(Jordan, Guide to the Study of Fishes. I. 498.) 

Food: Parasitic on other fishes. 

GALEID^. The Requtem Sharks. 

2. Mustelus canis (Mitchill). Smooth Dogfish; Swilchtail. 
fiEocj. DisT.: Cape Cod to Cuba, southern Europe. 
Season in R. I.: May to November. 

Food: Crabs usually, also lobsters, squids, annelids and fishes. 

Size: Small specimens one foot long caught .\ugust 23, 1905; this size is com- 
mon the remainder of the season. 
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3. Carcharfalnus Obseurus (Le Sueur). Dusky Shark; Shovel-nose. 
Geoo. Dist.: The middle Atlantic. 
Season in R. I.: Very common from May to November in outride waters, 

and occasionally in Narragansett Bay. 
Habitat: Surface of the open water. 
Food: Fishes. Stomach contents have shown skates, squeteague, young 

mackerel, menhaden. 
Size: Eight to 14 feet. 

4* Carcharhinus milberti (Miiller & Henle). Blue Shark. 
Geog. Dist. : Cape Cod to Florida. 
DeKay describes a specimen 7 feet, 4 inches long, weighing 160 pounds, 

taken at Brenton's Reef September, 1842. (DeKay, New York Fauna, 

Fishes, 1842, 354.) 
Food: Fishes. 

SPHYRNID^. The Hammer-Headed Sharks. 

5. Sphyma'zygaena (Linnaeus) Hammer-head. 

Geog. Dist.: All warm seas. From Cape Cod and Pt. Conception south- 
ward. 

Season in R. I.: Not common but occasionally occurring from June to Oc- 
tober. In 1905 a specimen taken August 2, and another reported about 
two weeks later. 

Food: Fishes, especially menhaden; squids. 

Size: Average 4 feet, the largest reaching 7 and 8 feet ; the smallest I J feet. 

ALOPID^. The Thresher Sharks. 

6« Aloplas VUlpes (Gmelin). Swingrtail; Whip-lail; Thresher. 

Geog. Dist.: Abounds in all warm seas, especially in the Atlantic and 

Mediterranean. Frequent on Pacific coast. 
SEA.SON IN R. I.: Rare in Narragansett Bay, but the most common shark 

in outside waters, especially after the scup season. It is a great nuisance 

to fishermen. 
Food: Fishes, which the animal is said to kill by blows of its long flexible tail. 
Size: Sometimes as large as 300 pounds. 
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CARCHARIDJE. The Sand Sharks. 

7. Carcharias littoralis (MitchiU). Sand Shark. 

Geoo. Dist. : Atlantic coast, Cape Cod to Cape Hatteras. 

Seabon in R. I. : From May to November it is common, but is less so than 

the dogfish. 
Food: Fishes, such as flatfish, menhaden, squeteague, butterfish, scup. 

Also crabs and squids. 
Size: Average 4 J to 5 feet long, largest 12 feet long. 

LAMNIDi^. The Mackerel Sharks. 

8. Isurus dekayi (Gill). Mackerel Shark. 
Geog. Dist.: Cape Cod to West Indies. 

Season in R. I.: Said to be more common of late years, but not abundant. 

Rare in Narragansett Bay. 
Food: Small fishes, squids, mackerel, conger eel. 
Size : They average 4 or 5 feet, the largest 10 feet, weighing up to 400 pounds* 

9« Lamna COmubica (Gmelin). Blue Shark; Mackerel Shark. 

Geog. Dist.: Newfoundland to West Indies. Common on Massachusetts 

coast during mackerel season. 
Season in R. I.: Said by the fishermen to be more common than the 

mackerel shark (Isurus dekayi), but this species is probably confused with 

others. 
Food: Small fishes, especially mackerel. Squids. 
Size: Ten feet. 

SQUALlDilS. The Dog-Fishes. 

10. Squalus acanthias (Linnaeus). Dogfish; Spiny Dogfi^. 

Geog. Dist.: Atlantic south to Cuba and from the North Cape to the Medi- 
terranean. 

Migrations: Probably moves northward in spring a little after the mackerel, 
returning from September to November. 

Season in R. I.: The last of April or first of May to November. Rare in 
the Bay, but so common outside as to be a nuisance to the fishermen. 
Follows the schools of scup in spring. 
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Habitat: Open water, following schools of pelagic fishes. 

Rbproduction: Viviparous. 

Food: Fishes, especially herring, mackerel, and scup. Also crustiaoea and 

jelly fishes. 
Size: Two to 3 feet. 

BAJIDiS. The Skates. 

11* Baja erlnacea (Mitchill). Summer Skate; Old Maid, 
Geoo. Dist. : Virginia to Maine. 

Season in R. I. : Very abundant everywhere from May to November. 
Refroduction: Eggs common in August and September. 
Food: Usually Crustacea and annelids, but bivalve molluscs, squids, and 

small fishes are frequently found in the stomach. 
Size: Average 1 to 2 feet. One young specimen, 2 inches long, taken in 

trap in the Bay, October 9, 1905. 

12. BaJa oeellata (Mitchill). Big SkaU; Winter SkaU. 
Geoo. Dibt.: Atlantic coast northward from New York. 
Season in R. I.: Very rare in summer. Scattering specimens taken in the 

Bay in the faU. 
Food: Squids, annelids, Crustacea. 
Size: Average, 3 feet. 

18. Baja laeTis (Mitchill). Barndoor SkaU. 
Geoo. Dist.: New England to Florida. 
Season in R. I.: Rare in summer when it is probably in deep water, but 

common in spring and from August to October. 
Repbodxtction: Eggs found occasionally in September. 
Food: Crustacea. Lobsters have frequently been found in their stomachs. 
Size: Four feet. 

NARCOBATIDi^. The Electric Bays. 

14. Tetranarce occldentalls (Storer). Torpedo; Crampfish, 

Geoo. Dist. : Cape Cod to Cuba. 

Season in R. I.: Caught off Sakonnet not uncommonly in midsunmier, 
where it has become rather common in the last four or five years. They 
run through July and August, coming one or two at a time. 



Digitized by LjOOQIC 



48 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 

Food: Fishes. The walls of the alimentary canal in this fish are very thick 

and possess great digestive power. 
Size: Two to 5 feet long. Maximum weight 3()0 pounds; average, 150 

pounds; small ones infrequent. 

DASYATIDiE. The Sting Rays. 

15. Dasyatis centrum (Mitchill) . Sting Ray. 
Geog. Dist.: Coast of Maine to Cape Hatteras. 

Season in R. I.: Said to have been very common formerly and as large as 
a foot thick, but are small and few at the present time. Most abundant 
the last part of July and through August and September. 

Food: Large species of invertebrates such as crabs, squid, clams, sea snails. 
Sometimes small fishes and annelids. 

Size: Reaches a length of 10 or 12 feet. 

16. Dasyatis hastata (Dekay). 

Geog. Dist.: West Indies north to Rhode Island. 

The type specimen originally described by DeKay in 1842 was a female cap- 
tured in September off the Rhode Island coast. (DeKay, New York 
Fauna, Fishes, 1842, 373.) 

17. Pteroplatea maelura (LeSueur). Butterfly Ray; Angel-fish. 
Geog. Dist. : Wood's Hole to Brazil. 

Season in R. I.: Rare. The type specimen of this species described by 
LeSueur was taken in 1817. (LeSueur, Jour. Ac. Nat. Sci. Phila., 1817, 
41.) In July, 1900, a specimen 23 inches long was taken in the southern 
part of Narragansett Bay by the Lewis Brothers of Wickford. 

Food: Fishes, shrimp, lamellibranchs, annelids. 

MTLIOBATIDi^. The Ea^le Rays. 

18. Ikiyliobatis f reminvlllel (LeSueur) . Sharp-headed Ray; Sting Ray. 
Geog. Dist. : Cape Cod to Brazil. 

Season in R. I. : Not very common. The original type specimen described 
by LeSueur was taken in 1824 from Rhode Island. (LeSueur, Jour. Ac. 
Nat. Sci. Phila., IV, 1824.) DeKay mentions specimens from Rhode 
Island. (DeKay, New York Fauna, Fishes, 1842, 376.) Mr. John 0. 
Lewis of Wickford says several have been taken in traps near Saunders- 
town, Narragansett Bay. 

Food: Chiefly molluscs, which they crush with their large grinding teeth. 
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19. Bhlnoptera bonasus (Mitchill). Cotv-noaed Ray; Sting Ray, 
Geoo. Dist. : Cape Cod to Florida. 

Skason in R. I. : An immense school of these fishes once seen off Block Island 
by Capt. Mason, of Tiverton. Said to have been more common formerly. 
REPRODUCTnoN: Viviparous, breeding season lasting over five or six months. 
Food: Chiefly molluscs; also Crustacea, crabs, and lobsters. 

ACIPENSEBIDii:. The Sturgeons. 

J80. Acipenaer sturio (Linnaeus). Sturgeon. (Plate I.) 

Geoo. Dist. : Ascends rivers of Atlantic coasts of Europe and America. 

Season in R. I. : Rather conmion in traps off Sakonnet from May to Novem- 
ber. Said to have been more common formerly; 20 years ago 5 or 6 were 
caught in traps at a time. Rare in the upper part of Narragansett Bay. 
One caught off Quonset, June, 1905. Common at Block Island. The 
young are said to be common in Taimton river. 

Reproduction: Ascends rivers to spawn in spring and summer. 

Food: Molluscs and Crustacea, which it obtains by grubbing in the mud. 

Size: Five to 12 feet, weighing 50 to 300 pounds. 

21. Acipenserbrevlrostrum (LeSueur). Short-nosed Sturgeon, (Plate I.) 

Geoo. Dist.: Cape Cod to Florida. 

Season in R. I.: Occurs in company with the common sturgeon but is said 
by the fishermen to be more numerolis. 

SUAJBIDM. The Cat-Fishes. 

22. Fellchthys fells (Linnaeus). Sea Catfish; Oaff-topsail Catfish, 
Geoo. Dist. : Cape Cod to Texas. 

Season in R. I. : Specimen taken at Brenton's Reef lightship September 16, 
1898. 

23. Galeichthys milberti (Cuvier). Sea Catfish, 
Geog. Dist. : Cape Cod to Texas. 

24. Ameiurus nebulOSUS (LeSueur). Homed Pout; Bullhead. 

Geoo. Dist. : Great Lakes, Ohio Valley, to Maine, Florida and Texas. 
Habitat: Fresh water ponds and streams. 
Size: Vp to 18 inches. 

7 



Digitized by LjOOQIC 



60 REPORT OF COMMISSIONERS OP INLAND FISHERIES. 

CATOSTOnnDii:. nieSucken. 

25. Catostomus commersonli (Lac^pkle). Common Sucker; Brook Sucker, 

Geoo. Dist.: Quebec and the Great Lakes to Montana, Colorado, Miasouri, 

and Georgia. 
Habitat: Fresh water streams and ponds. 

26. Erimyzon suceta (Lac^pdde). Chub Sucker. 

Geog. Dist. : Great Lakes and Mississippi Valley, eastward. 
Habitat: Very abundant in lakes and lowland streams. 
Size: About 10 inches. 

CYPBINIDiG. Hie Carps. 

"27. Abramis crysoleucas (Mitchill). Golden Shiner; Roach; Dace. 
Geog. Dist. : Nova Scotia and Maryland to Dakota and Texas. 
Habitat: Fresh water. Sluggish fish, frequenting ponds and cutoffs, 
preferring those where the bottom is covered with aquatic plants. 

28. Notropis comutus (Mitchill). Shiner; Red- fin. 

Geoo. Dist.: Entire region east of Rocky Mountains, except the South 

Atlantic States and Texas. 
Habitat: Small streams. 
Size: Five to 8 inches. 

29. Rhlnlchthys atronasus (Mitchill). Blachmosed Dace. 

Geog. Dist. : New England to Minnesota, Northern Alabama, and Virginia. 
Habitat: Freshwater. Abimdant in clear brooks and mountain streams. 

ANGUILLIDiS. Hie True EeU. 

30. Anguilla chrysypa (Rafinesque). Ed. 

Geog. Dist. : Maine to Mexico. Ascends rivers east of Rockies and south 

of Canada. 
Migrations: Adults move from fresh water into salt in the autumn to 

spawn. The young move from salt water into fresh in spring. 
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Season in R. I.: Abundant throughout the year, but are most numerous 
in the autiunn when the females are descending the rivers. About April 
15, 1905, the eels in Greenwich Bay, R. I., for a period of about three 
weeks, died in great numbers. They rose to the surface of the water, 
swam slowly around until dead; they floated up in immense numbers on 
the surface and drifted on the shores. 

Repboduction: Breeding takes place in winter time in salt water. The 
females with mature ovaries are taken through the ice. 

Food: The eel is an excellent scavenger, eating all kinds of dead animal 
matter. It also feeds on small fishes, shrimp, crabs, molluscs, worms, etc. 

Size : Four or 5 feet. Young taken when ice breaks up in the spring 1 to 1 J 
inches long. Prof. Jenks found specimens 2i inches long on April 19th. 

LEPTOCEPHALIDi^. The Conger Eels. 

31. Leptocephalus conger (Linnaeus). Conger Eel. 

Gboo. Dist. : Cosmopolitan, except not found in eastern Pacific. 
Migrations: Moves into deep water for spawning; does not run into fresh 

water. 
Season in R. I. : Scattering specimens in spring and summer, common from 

August to November. In the U. S. Museum are casts of 2 specimens 

taken at Block Island by the U. S. Fish Commission, September 26, 1874. 

One of these weighed II pounds. 
Habitat: Salt and brackish water. 
Reproduction: Takes place in the depths of the ocean. 
Food: Fishes, snails, shrimp, worms. 
Size: Average, 4 to 6 feet. Smallest observed at Woods Hole are 15 to 20 

inches long. 

ELOPIDiS. The Tarpons. 

32. Tarpon atlanticus (Cuvier & Valenciennes). Tarpon, 

Geoo. Dist.: Cape Cod to Brazil. 

Season in R. I. : Rare. Stragglers are reported by fishermen. 

Specimen taken in August, 1874, at Newport by Mr. Samuel Powell 
(Photograph No. 398 in U. S. Nat. Mus.) Mr. J. M. K. Knowles, of Wake- 
field, is authority for the statement that a tarpon 5 feet long and weighing 
30 pounds was taken near Dutch Island Harbor, Narragansett Bay, in 1900. 
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Habitat: Tropical waters; ascends streams in pursuit of small fry. 

Reproduction: Does not breed north of Cuba. 

Food: Schools of small fry. 

Size: Six feet; weighs sometimes 150 pounds. 

33. Elops saunis (Linn»us). Ten-paunder; Big-eyed Herring, (Plate II.) 
Geoo. Dist. : Tropical seas to Carolina, straying north to Cape Cod. 
Season in R. I.: So rare that it is not usually recognized by fishermen. 

Specimen 14 inches long, taken in trap at Dutch Island Harbor, Narragan- 

sett Bay, October 29, 1905. 
Habitat: Open seas. 
Food: Shrimp. 
Size: Three feet. 

AIuBVLlDJE. The Lady-Fishes. 

34. Alhulavulpes (Linnseus). Lady-fiah, 

Geoo. Dist.: Tropical seas on sandy coasts, north to Woods Hole. 
Specimens are reported by fishermen. A specimen from Newport is in the 
U. S. National Museum. (Proc. U. S. Nat. Mus., 1880, 107.) 

CLUPEIDiE. The Herriiifi^s.* 

35. Etrumeus sadlna (Mitchill). Round Herring, 

Geog. Dist. : Cape Cod to Gulf of Mexico, on sandy shores; not rare south- 
. ward. 
Specimen in U. S. National Museum taken at Newport by Mr. Samuel 
PoweU. (BuU, U. S. Nat. Mus., 1879, 59.) 

36. CllipeahareilgU8(Linnseus). Sea Herring; Herring; Blue BcuJc, (P\&ieVIl.) 
Geog. Dist. : North Atlantic ocean, Europe and America. South to Cape 

Hatteras, but not abundant south of Cape Cod. 
Season in R. I. : Winter herring arrive in October or November and remain 

until very cold weather. The spring run arrives in May, and the fishes of 

that run are larger and more numerous. Young specimens, 2 inches long, 

taken June 6, 1893. (Prof. Jenks.) 
Habitat: Surface of open water. 

* Plates illustrating the common species of this family will be found at the end of the arti- 
ole on * *The Common Fishes of the Herring Family." Page 102. 
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Reproduction : Some schools spawn in the spring and others in the autumn. 
The fall schools spawn to west of Bay of Fundy; spring schools to the east 
of that point. Spawning takes place in Penobscot Bay, September and 
October; at Wood Island after middle of September; along the coast of 
Massachusetts about October 1; at No Man's Land, for 3 or 4 weeks 
beginning October 15; at Block Island, November. Spawning takes 
place at a temperature between 47° and 57°F, in the open coast waters 
not deeper than 30 fathoms. (H. F. Moore, Report U. S. Fish Commission, 
1896, 40.) 

Food: Microscopic animal life. 

37. Pomolobus medlocris (Mitchill). Hickory Shad. (Plate VIII.) 
Geoo. Dist.: Florida to Bay of Fimdy. 

Season in R. I. : Probably arrives in the spring, but specimens are common 

from August 1 to November. 
Reproduction: The location of the breeding grounds is uncertain. Some 

authorities say that it does not ascend rivers to spawn; other claim that it 

spawns in fresh water under same conditions as shad. 
Food.: Small fishes, Crustacea, squids. 
Size: Maximum, 24 inches. 

38. PomolobUS pseudoharensus (Wilson). Alewife; Branch Herring; River 

Herring; Buckie. (Plate IX.) 

Geog. Dist.: Atlantic coast of the United States. 

Migrations: Arrives off Virginia and Maryland about March 1. Said to 
arrive at Cape Cod about April 1, a month before the scup. 

Season in R. I. : This is one of the first fish to arrive in the spring, the traps 
at that time sometimes being full of them. Comes in March, running up 
into fresh water through March, April, and the first of May. After that, in 
May and June, a few spent stragglers are taken on their way back to salt 
water. The dates of their arrival in Taimton River, kept by Mr. Elisha 
Slade, from 1871 to 1883, show that their earliest appearance during that 
time was February 28, 1880, and the latest March 28, 1875. 

Reproduction: During March and April in fresh water. 

Food : Minute free-swimming Crustacea. Sometimes young squids and small 
shrimp. 

Size: One-half pound. The young, hatched from the eggs in the spring, 
become 2 or 3 inches long before winter. 
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39. Pomolobus aestivalis (Mitchill). Glut Herring; Blackback. (Plate X.> 
Geog. Dist. : Coast waters United States north to Maine. 

Migrations: Similar to the alewife (P. pseudoharengus), except that it 
appears later and remains in fresh water for a shorter time. 

Season in R. I. : It appears from two weeks to a month later than the ale- 
wife. 

Reproduction: Similar to the alewife, but about two weeks later; the 
spawning grounds are probably confined to brackish water in ponds, and 
in large streams not far above tide water. 

Food: Free-swimming Crustacea. 

40. Alosa sapidissima (Wilson). Shad, (Plate XI.) 

Geog. Dist.: From Alabama along the whole Atlantic coast. Introduced 
by the U. S. Fish Commission into rivers of Pacifie coast. 

Migrations: Probably lives in deep water in winter or near Gulf Stream, 
coming into shore waters when the temperature reaches 60°F., running up 
rivers to spawn. When this process is completed they probably return to- 
salt water. The young, when hatched, remain in rivers till autimm, then 
move into salt water. 

Season in R. I. : Arrives last of March and runs for about 6 weeks. A large 
specimen taken August 3, 1905, at Rumstick Point. Specimen 3 inches 
long, taken October 29, 1905, at Dutch Island Harbor; this was probably 
hatched from spawn of the previous spring, and was then on its way to 
salt water. Dates of arrival in Taimton River from 1871 to 1883 range 
from March 10 in 1880 to April 5 in 1883. 

Reproduction : Spawning takes place in fresh water in April and May. 

Food: Like the other members of this famOy, its chief food supply consists 
of minute free-swimming Crustacea. 

Size: Maximum, 2} feet. It reaches its full size in four years. 

41. Opistlionema Oglinum (LeSueur). Thread Herring, 

Geog. Dist.: West Indian fauna, straying north to Cape Cod. The type 
specimen described in 1817 by LeSueur was taken at Newport. (Jour. 
Ac. Nat. Sci. Phila., I, 1817, 359.) In the U. S. National Museum is a 
specimen taken at Newport by the U. S. Fish Commission. (Bull. U. S. 
Nat. Mus., 1879, 60.) A few have been taken very rarely since. 
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-4:2. BreTOOrtia tsrrannus (Latrobe). Menhaden; Pogy; Bony Fish. (Plate 

xn.) 

Geoo. Dist. : Nova Scotia to Brazil. 

MiORATiONs: The migrations of the menhaden are largely determined 
directly by the water temperature; they enter the coast waters in the 
spring when the average harbor temperature reaches about 50°F, and 
leave in the autumn when the temperature falls below that point. 
The approximate times of the arrival of the first schools is given as fol- 
lows by G. Brown Goode: Chesapeake Bay, March and April; New 
Jersey, April and early May; south coast of New England, late April and 
May; Cape Ann, middle of May; Gulf of Maine, last of May and June. 
They leave the Maine coast in September and October; Massachusetts, 
in October, November, and December; Long Island Sound, November and 
December; Chesapeake Bay, December; Cape Hatteras, January; further 
south they remain throughout the year. It will be seen that they arrive 
somewhat later than the shad and alewife, about the same time as scup, 
and in advance of the squeteague and bluefish, and remain longer in the 
autumn than any of these, except possibly the two last-named species. 
This order of appearance is what would naturally be expected in view of 
the fact that the squeteague and bluefish are both carnivorous and feed 
largely upon the schools of the menhaden. 

Reason in R. I. : They appear last of April or first of May and are present 
throughout the summer and fall. Most abundant in May when first arriv- 
ing and in October when the falling temperature is driving them away 
from northern shores. They finally leave in November and December. 

TtEPRODUcnoN: Spawns in December, probably, and in May and June; the 
location of the spawning grounds is at present uncertain. 

Food: The whole food supply of this fish is obtained by filtering out from 
the surface stratum of water the organic life there suspended. The ar- 
rangement of the gill rakers forms a very effective filter of the water 
which the fish takes in by swimming actively in circles through the water 
with widely opened mouth and expanded gillcovers. The stomach gener- 
ally appears comparatively empty, but usually has a small quantity of 
what appears to be a dark greenish or brownish mud, with a variable 
quantity of copepods and small Crustacea intermixed. This may be de- 
monstrated by observing the habits of the living fish, by the study of the 
gill rakers, and by collecting on a filter the organic matter suspended in 
a given quantity of surface water and by comparing the matter thus fil- 
tered out with the stomach contents of the menhaden. The following 
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animals have been found: a few small annelids, a few rotifers, the smaller 
Crustacea, like Ganmiarus and young shrimp, Zoea larva, Nauplius larva, 
copepods. But the great majority of organisms were Glenodinium, 
Peridinium, Infusoria and unicellular plants like diatoms, algal swarm 
spores, bacterial masses. (On the Food of the Menhaden, by J. H. Peck, 
Ph. D., Bull. U. S. Fish Commission, 1893. 113.) 

Size: Schools arriving at New England in midsummer from 2 to 5 inches 
long are hatched from the spawning of the previous fall and spring. The 
7 to 10-inch fishes are 2 years old; the 12 to 14-inch size, 3 years old; 
adults are the large fish 15 to 18 inches. 

ENGBAULIDIDiC The AnchoTles. 

43. Stolephorusbrownll (Gmelin). Striped Anchovy; Anchovy. 

Geoq. Dist.: Cape Cod to Brazil. Abundant southward. 

Season in R. I.: Specimen 1} inch long, dredged by the Fish Hawk in 
Narragansett Bay, November, 1898. Larger than S. mit chilli, but not so 
conunon. 

Food: Annelids, copepods, sometimes univalve molluscs, foramenifera. 

Size: Four to 6 inches. 

44. Stolephonis mltchllli (Cuvier <& Valenciennes). Anchovy. 

Geoo. Dist. : Cape Cod to Texas. 

Season in R. I.: Common in late siunmer. Forms an important part of 
the so-called '* white bait." 

Habitat: Sandy shores, entering rivers. 

Size : Two and a half inches. 

SALMONIDiC. The Salmon Family. 

45. Salmo salar (Linnseus). Salmon. 

Geoo. Dist.: North Atlantic, ascending rivers between Cape Cod and 
Hudson Bay. Formerly south to Hudson River. 

Season in R. I.: Small fish, weighing 2 to 3 pounds, have been taken in 
Sakonnet River in the spring. 
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46. Satvellnil9 fontinalls (MitchUl). Brook Trout; Speckled Trout. 
Geog. Dist. : East of the Missiasippi, Savannah to Labrador. 

SsASON IN R. I. : Common in fresh-water streams. In fall, where communi- 
cation exists, enters salt water, remaining there through the winter. 
Habitat: Clear, swift, cold, fresh-water streams. 

ABGENTINIDii:. The Smelts. 

47. Osmenis mordax (Mitchill). Smdt. 

Gbog. Dist. : The Atlantic coast, Virginia to the Gulf of St. Lawrence. 
Season in R. I. : Common from October to May. Caught in large numbers 

in Narrow River, but not as important commercially here as further 

north, especially in Maine and New Brunswick. 
REPBODUcnoN: Spawns in February and March. 
Food: Shrimp and other small Crustacea. 
Size: Maximum, 14 inches. 

SYNODONTIDiC The Lizard-Fishes. 

48* Synodus foetens (Linnaeus). Lizard-fish. 

Geog. Dist.: Cape Cod to Brazil, common from South Carolina southward. 

IJ5CUDJE. The Pikes. 

40. Lucius amerieanus (Gmelin). Banded Pickerel, 

Geoo. Dist. : Massachusetts to Florida, east of the Allegheny Mountains. 
Habitat: Fresh water, in lowland streams and swamps. 

PCECILnDii:. The Killiflshes. 

50. Fundulus majalis (Walbaum). Mayfirsh; Killifish. 
Geoo. Dist.: Cape Cod to Florida. 
Season in R. I.: Common through the summer from April and May until 

late in the fall. 
Habitat: Along shores, especially sandy beaches. 
Rbpboduction: Spawns in June and July. 
Food: Small Crustacea, especially shrimp and copepods; molluscs and 

annelids. 
Size: Four to 6 inches. 
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51. Fundulus heteroclltiu (Linmeus). Mummichog; Common KiUifUh, ^ 

Geog. Di8T. : From Maine to the Rio Grande. 

Season in R. I.: Most abundant of the mummichogs, and very common at 

all seasons. 
Habitat: Shores and brackish waters, in eelgrass and on muddy bottoms, 

especially at the mouth of fresh- water streams. 
Reproduction: Spawns in Jime and July. 
Food: Shrimp and other small Crustacea. Stomach is sometimes filled 

with a green mud consisting of vegetable debris, diatoms, and foraminifera. 

51 a. Fundulus Heteroclltus macrolepidotus (Walbaiun). 

This is a variety of the preceding. Very common every\^'here in brackish 
waters from Maine to Virginia. Specimens from Xe\i'port described by 
LeSueur. (Jour. Ac. Nat. Sci. Phila., I, 1817, 133.) 

52* Fundulus diaphanus (LeSueur). Spring Minnoxc; Killifish. 
Geog. Dist.: From Maine to Cape Hatteras. 
Season in R. I.: Foimd throughout the year, but not so common as the 

other species of this family. 
Habitat: Around shores fed directly by fresh-water streams. 

ESOCIDi^. The Needle-Fishes and Garfishes. 

53. Tyl08Uru& marinus (Walbaum). Garfish; Billfish, 
Geog. Dist. : From Cape Cod to Texas. 
Common from June to October. 

Season in R. I. : July 20, 1905, young specimens 3 inches long were taken 

from the seine at Cold Spring Beach, Wickford. August 28, 1905, several 

large ones were taken at the same place. 
Reproducfion: Breeds in fresh water. 
Food: Fishes, especially small silversides; Crustacea, shrimp, amphipods; 

annelids. 
Size: Three or 4 feet. The young, 3 to 8 inches long, taken along shores in 

summer. 

HEMIBAMPHID^. The Halfbeaks. 

54. Hyporhamphus roberti (Cuvier & Valenciennes). Halfbeak; Skipper. 
Geog. Dist. : Coasts of America on sandy shores. 
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Season in R. I.: Rather common in summer and early fall. The first 
specimen from Rhode Island was taken by Samuel Powell at Newport and 
described by Gill in 1862. 

Habitat: Sandy shores. 

Food: Almost exclusively algse. 

55. Euleptorhamphiu velox (Poey). 

Geoo. Dist.: West Indies, occasionally northward in the Gulf Stream to 

Massachusetts. Rare. 
Specimen in the U. S. National Museum, taken at Newport by Mr. Brown. 
(Bull. U. S. Nat. Museum., 1879, 55.) 

SCOMBEBESOCIDi^. The Sauries. 

66. Scomberesox saurus O^'albaum). Saury; Billfish. 

I 
Geoo. Dist.: Common in schools in open seas north of Cape Cod and of 

France. 
Season in R. I. : Very rare. One specimen is in possession of the Commis- 
sion, presented by Mr. J. M. K. Southwick, of Newport, and dated 1899. 

EXOCCETID.^. The Flying-Fishes. 

67. Parexocoetus mesogaster (Bloch). 

Geog. Dist. : Tropical seas, common in the East Indies and West Indies, 
and in the Hawaiian Islands. North in the Gulf Stream to Newport. 

A specimen 5i inches long, from Newport, is in the Museum of the Academy 
of National Sciences at Philadelphia. (Jordan and Meek, Proc. U. S. 
Nat. Mus., 1885, 47.) 

58. Exocoetus TOlitans (Linnaeus). Black-winged Flying- fish. 

Geoo. Dist.: Open seas, north to the Grand Banks, southern Europe and 

Hawaiian Islands. 
Specimen in U. S. National Museum, taken at Block Island by the U. S. Fish 

Commission, August, 1874 

59. Cypsilurus f urcatus (Mitchill). 

Geog. Dist.: Common in warm seas, north to Cape Cod and Mediterranean. 
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Two specimens from Newport, one 5} inches, the other 6 inches in length, are 
in the Museum of the Academy of Natural Sciences at Philadelphia. 
(Proo. U. S. Nat. Mus., 1885, 61.) These are apparently the specimens 
described by Jordan and Evermann, in "The Fishes of North America." 

60. CypsUurus s:Ibblfroii8 (Cuvier k Valenciennes). 

Two specimens only are known; one, the type specimen in the Museuni 
d'Histoire Naturelle at Paris, the other, a young specimen 8 inches long, 
taken by Mr. Samuel Powell at Newport, R. I., and described by Jordan 
in 1886. (Proc. U. S. Nat. Mus., 1886, 528.) 

GASTEBOSTEID^. The Sticklebaeks. 

61. Gaster08teus blsplnosus (Walbaum). Ttoospined Stickleback. 
Geoo. Dist. : From Labrador to New Jersey. 

Season in R. I. : Very common at all seasons. 

Reproduction: During July and August it spawns in nests guarded by the 
male. 

62. ApeltesquadraciU (Mitchill). Four-apiried Stickleback, 
Geoo. Dibt. : From Maine to New Jersey. 

Season in R. I. : Common at all seasons. 
Food: Copepods. 

FISTULABIlDii:. The Cornet-Fishes. 

63* Flstulariatabacarla (Linnseus). Trumpet-fiah, 
Geoo. Dist. : West Indies north to Woods Hole. 

STNGNATHID^. The Pipe-Flshes. 

64. Slphostoma f uscum (Storer). Pipe-fish. 

Geoo. Dist. : The Atlantic coast of the United States, Cape Ann to Virginia. 
Season in R. I.: Common throughout the summer in the eelgrass along the 

shores and in salt ponds. Two specimens were taken in offshore waters 

in purse seines with menhaden in July, 1904. 
REPRODUcrioN: Females with eggs and yoimg were taken in Narragansett 

Bay March 22, 1897. (Dr. H. C. Bumpus, Science, 1898, 485.) 
Food: Small Crustacea, amphipods and copepods. 
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65. Hippocampus hudsonlus (DeEay). Seor-horae, 
Qeog. Di8t»: Atlantic coast, Cape Cod to Charleston, S. C. 

Season in R. I.: Not common. Rarely found floating in gulfweed and 
rockweed. 

ATHEBINID^. The SllTersldes. 

66. Menldla gracilis (Giinther). Silver aide, 

Geoq. Dist. : Woods Hole to Albemarle Sound, conunon in brackish waters. 
Season in R. I. : Very common through summer. 

67* Menldia menldia notata (Mitchill). SHverdde; Brit. 
Geoo. Dibt. : Atlantic coast northward, south to Florida. 
Season in R. I.: Very abundant everywhere from April to December, 

especially along sandy shores, where bushels of them can be taken in the 

seine almost unmixed with other fish. Used to a great extent as bait for 

eel pots. 
Reproduction: Spawns in June and early July. 
Food: Small Crustacea, shrimp, univalve molluscs, and sometimes vegetable 

material and diatoms. 
Size: Five inches. 

MUGHilDiC The Mullets. 

68. Mugll cephalus (Linnseus). Striped Mullet; Jumping MuUet, 

Geoo. Dist.: Atlantic coast. Cape Cod to Brazil. Pacific coast, Monterey 
to Chili. 

Season in R. I. : October and November. This species, in company with 
the white mullet, is sometimes very abundant. In the middle of October, 
1904, 500 barrels were taken at one haul off Newport. A specimen from 
Newport is in the U. S. National Museum. (Proc. U. S. Nat. Mus., 1880, 
120.) 

Food: Stomach contents show a greenish mud containing large numbers of 
diatoms, green algse, copepods. 

69. Mugll cnrema (Cuvier & Valenciennes). White Mullet; Jumping Mullet. 
Geoo. Dist. : Cape Cod to Brazil, Magdalena Bay to Chili. 

Season in R. I. : Same as the preceding species. 
Food: Same as the preceding. 
Size: About 5 inches. 
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SPHYBi^INIDi^. The Barracudas. 

70. Sphyraena guachancho (Cuvier & Valenciennes) . Barracuda. 
Geoo. Dist. : West Indies to Pensacola, straying north to Woods Hole. 
Season in R. I.: Rare. A young specimen, 8 inches long, taken in seine at 

Willow Beach, near Wickford, on July 17, 1905. 

AMMODYTIDi^. The Sand Launces. 

71. Ammodytes americaillW*(DeKay). Sand Launce; Lant; Sand Ed. 
Geoo. Dist.: Newfoundland to Cape Hatteras. 

Season in R. I.: Said to appear at all sesisons; sometimes in summer ia so 

abundant as to fill the traps. 
Food: Worms and small fry. This species is important as the food of cod, 

halibut, and mackerel. 
Size: Largest grow to 16 inches, but are generally much smaller, seldom 

over 5 or 6 inches. 

■ 

HOLOCENTBIDiE. The Squirrel-Fishes. 

7!5. Holorentrus ascensionis (Osbeck). Squirrel-fish. 

Geoq. Dist.: West Indies about rocks and reefs; accidental on the coast. 
This species has been taken at Newport. (Bull. U. S. Nat. Mus., 1879, 44.) 

SCOMBBIDi^. The Maclcerels. 
73. Scomher SCOmhrus (Linna&us). Common Mackerel. 

Geoo. Dist.: North Atlantic, abundant on both coasts. North to Norway 
and Labrador, south to Spain and Cape Hatteras. 

Migrations: Appear in the spring when the water reaches 45° F. At sea, 
off Cape Hatteras, March 20 to April 25; Norfolk, March 2 to April 30; 
the Capes of Delaware, April 15 to May 1 ; Barnegat and Sandy Hook, May 
5 to May 25; appear at the same date along the whole coast of New Eng- 
land and Nova Scotia; Gulf of St. Lawrence, May and early June. These 
are probably coastwise movements for the most part, as they can be 
followed by the fishing boats from southern waters to the north. On 
their return they probably head out into deep water. In 1898 they 
appeared at Sakonnet, Chatham, Mass., and Yarmouth, N. S., on the 
same day, May 3. In 1901 they reached Chatham on April 29, and the 
next day were taken at Cuttyhunk and Menemsha Bight. 
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Season in R. I.: Usually arrive at Rhode Island about May 1. In 1905 
they first appeared in Sakonnet River on April 28. The first catch was 
on May 2 in the scup traps off Sakonnet. June 3 they appeared off the 
Cap)e Cod shore. June 5 at Newport marked the beginning of the big 
run of the season, which culminated June 19. The season closed there 
June 28. On June 22 was the best catch off Block Island. Scattering 
fishes are present all summer. On September 6 and 7, 1905, there was a 
very big run of "tinkers" at Newport, the harbor being full of them. A 
similar run usually occurs about this time, though it was exceptionally 
large this year. Mackerel finally leave in November. February 1, 1906, 
a single specimen taken in a tide-water pond, Sakonnet River. 

Reproduction: Spawns the middle of May and June, in deep water along 
the coast from Long Island to the Gulf of St. Lawrence. 

Food : The mackerel strains the sea-water through its gill rakers as it swims 
open-mouthed through the water, taking in all kinds of small Crustacea 
and the larvae of marine invertebrates. They also feed on young fishes, 
especially in the latter part of the sunmier when these are abundant. 

Size: Reach a length of 2 inches in 30 days from hatching, 4 inches in 45 
days, 7 jnches before the autunm migration. The "blinks" are 2 years old, 
the *' tinkers" 3 years, and the adult size of 17 or 18 inches is reached in 
the fourth year. (Report U. S. Fish Com., 1879, 32.) 

74. Scomber COlias (Gmelin). Chub Mackerel; BuWs-eye Mackerel. 

Geog. Dist.: Atlantic and Pacific, widely distributed, north to England, 
Maine, and San Francisco. Appears irregularly on our Atlantic coast. 

Season in R. I.: This species must be present in Rhode Island waters, 
though beyond vague reports of fishermen, no definite data are available. 
Dr. Seth E. Meek describes a peculiar fish taken at Block Island, September 
16, year not given, which was supposed to be a hybrid between this 
species and the common mackerel. (Jordan and Evermann, " The Fishes 
of North America, 866.) 

75. Auxis thazard (Lac4p^de). Frigate Mackerel; Bonito; Tunny, 

Geog. Dist.: All warm seas, wandering northward to Cape Cod. 

Season in R. I. : This species has been abundant in some years, but is usually 
rare or absent. On August 23, 1880, 28 barrels were taken in a mackerel 
seine ten miles east of Block Island. Immense schools were reported 
that year between Montauk Point and George's Banks. (Proc. U. S. 
Nat. Mus., 1880.) One was reported taken at the mouth of Xarragansett 
Bay in the autumn of 1904. 
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76. milllinilfl thynnufl (LimuBUs). Horw-MackereL; Tunny, 

QiBoa. DiBT.: Pelagic on all warm ooasts. North to England, Nefwfound- 
land, San Francisco, and Japan. 

Season in R. I.: Plentiful some years; rare others. Taken in autumn 
around Newport and Narragansett Pier, but more abimdantly at Point 
Judith. More rare formerly, but of late becoming more common. Forty 
to 60 have been taken in one trap at one time. Present in Rhode Island 
waters from June to November, but most numerous in July. Mr. Brownell 
of Tiverton says that, in the autumn of 1904, he ran through an immense 
school of this species, extending for 10 miles. 

Food: Menhaden chiefly. (Goode.) 

Size: The largest ever taken weighed 1,500 pounds; the largest on record 
from Rhode Island, caught by Mr. Brownell, weighed 750 pounds. 

77. Sarda sarda (Bloch). Btmiio. 

Qeoo. Dist. : Atlantic Ocean of both coasts, north to Cape Cod. 

Season in R. I. : Seen occasionally in the autumn. It is not distinguished 

by the fishermen from other species of this family. 
Habitat: The open ocean, approaching shores for food and spawning. 
Food: Stomach contents have shown fishes, squids, small Crustacea. 
Size: Maximum, 2\ feet. 

78. Scomberomonis maculatiu (Mitchill). Spanish Mackerel, 

Geoo. Dist.: Both coasts of North America; appears in irregular schools 
in the Gulf of Mexico and off the Carolina coast. Ranges north to Cape 
Ann and south to Brazil. * 

Season in R. I.: Not very common. A few dozen specimens taken this 
season (1905) between the middle of August and October, in Narragansett 
Bay. Fifty large ones taken in a trap by Mr. Easterbrook at Price's Neck, 
Newport, August 15, 1905. 

Food: Fishes, squids, and Crustacea. 

79. Seomberomonis regalia (Bloch). Cereen; Kingfiah. 

Geog. Dist. : Cape Cod to Brazil, abundant at Cuba. 

Season in R. I. : Rare in Narragansett Bay, taken usually in the autumn. 

Food: Small fishes. 

Size: Maximum, 5 to 6 feet 
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TBICHIUBlDiC. The Cutlas-Flshes. 

80* Trichlums leptums (Linnseui). Cutkia-fish; Scabbard-fish, 

Geog. Dist. : Warm seas, chiefly of western Atlantic; north to Cape Cod. 

Skason in R. I. : A few stragglers taken nearly every year. Specimen taken 
by Mr. J. M. K. Southwick, Newport, November 16, 1899. Specimen 3 
feet 8 inches long caught in a trap at Newport, 1901. This is the largest 
specimen recorded from New England waters. Several smaller specimens 
taken in the Bay the same year. Several specimens have been taken by 
the Lewis Brothers in their traps in Narragansett Bay at various times. 

ISTIOPHOBIDiC. The SaU-Flshes. 

81. TetrapturuB imperator (Bloch & Schneider). Spear fish. 

Geoo! Dist. : West Indies north to Cape Cod. 
Season in R. I. : Very rare. 

XlPBllDJE. The Sword-Fishes. 

82. X^^hlas gladlufl (Linnseus). Stoardfish, 

Geog. Dist.: Atlantic Ocean on both coasts, most abundant between 
Cuba and Cape Breton. Common off Cape Cod and Newfoundland Banks. 
Common off Southern Europe and found in the Pacific. 

Season in R. I. : In 1905 they began to reach George's Banks about June 16. 
Twenty-two were taken in one day, 61 in a week. Began to reach Block 
Island June 26, when 13 were taken. One seen off Sakonnet Point July 
18. Leave Rhode Island waters in September. Abundant in 1905, and 
extremely so in 1904. 

Food: Contents of the stomach show fishes like cod, hake, and squids. 

CABANGIDi^. The Pompanos, Amber-Fishes, etc. 

83* Ollgoplltes saurus (Bloch & Schneider). Leather- jacket. 

Geoo. Dist.: Both coasts of tropical America, common in West Indies, 

north to Woods Hole. 
Season in R. I.: Very rare. Only one specimen is on record from Rhode 

Island waters; taken September 10, 1886, at Newport. 
9 
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84. Naucrates ductor (Linnseus). Pilot-fish, 

Geoo. Dist.: Pelagic fish found in all warm seas. Occasional on our Atlan- 
tic coast from West Indies to Cape Cod. 
Season in R. I. : Occasionally taken from July to October. 

85. Seriola zonata (Mitchill). Rudder-fish; Piiot-fiah; Shark-pilot. 
Qeoo. Dist.: Cape Cod to Cape Hatteras. 

Season in R. I.: Single specimens occasionally taken from July to October. 
A specimen in possession of the Commission is dated 1899. Three speci- 
mens from Newport are in the U. S. National Museum. (Proc. U. S. Nat. 
Mus., 1880, 91.) 

Food: Stomach of one individual contained fragments of a butter fish. 

S6. Seriola lalandi (Cuvier & Valenciennes). Amber-fiah, 
Geoq. Dist.: Brazil to C£^ Cod. 
Season in R. I. : Rare. Taken in traps occasionally during summer months. 

87. Decaptenis punctatus (Agassiz). Scad; Round Robin; Cigar-fish. 
Geog. Dist.: Cape Cod to Brazil. 

88. Decapterus macareUlU (Cuvier & Valenciennes). Mackerel Scad. 
Geog. Dist. : Warm parts of Atlantic north to Cape Cod. 

Season in R. I.: Occasional in October. Prof. Jenks is authority for the 
statement that none are ever taken over 6 inches long. Specimen in the 
U. S. National Museum, taken at Newport by Mr. Samuel Powell. (Bull. 
U. S. Nat. Mus., 1879, 42.) 

Food: Copepods and annelids. 

89. Trachurus trachums (Linnseus). Saurd; Gascon, 

Geog. Dist.: North Atlantic, chiefly on coast of Europe, south to Spain 
and Naples. Taken also at Newport; Pensacola; Cape San Lucas. Only 
4 American specimens are known. 

Season in R. I.: Goode describes specimens from Newport. (Proc. U. S. 
Nat. Mus. 1882. 269.) 

90. Trachurops crumenophthalmus (Bloch). Big-eyed Scad; Goggler, 
Geog. Dist. : Both coasts of tropical America, north to Cape Cod. 
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Season in R. I.: Common in October and November. (Prof. Jenks.) 
Specimen from Newport in the U. S. National Museum. (Proc. U. S. 
Nat. Mus., 1880, 84.) 

Food: Annelids. 

91. Caranx hippos (Linnseus). Crevallk; Jack. 

Geog. Dist. : Warm seas, both coasts of tropical America, north to Gulf of 

California and Cape Cod, also found in East Indies. * 

Season in R. I.: Occasionally taken from July to December. Specimen 

from Newport in U. S. National Museum. (Proc. U. S. Nat. Mus., 1880, 

90.) 
Food: Fishes and Crustacea. 
Size: Largest are 2 feet long. Young 1 inch long are taken at Woods Hole 

about July 1st. 

92. Caranx erysos (Mitchill). Hardtail; Yellow CrevaUk. 
Geoq. Dist. : Cape Cod to Brazil. 

Season in R. I.: Not uncommon from August 1 to November. Most of 
those caught in traps are small, about 8 to 10 inches long, but one very 
large specimen, about 18 inches long, taken in trap near Saimderstown, 
Narragansett Bay, August 10, 1905. Specimen from Newport in the U. S. 
National Museum. (Proc. U. S. Nat. Mus., 1880, 90.) 

Food: Crustacea. 

d3. Alectis eiliaris (Bloch). Cobbler-fish; Threadfi^h. 

Geoo. Dist.: Tropical America on both coasts, ranging north to Cape Cod. 

Season in R. I.: Rare. From June to November. The Conmiission is in 

possession of a specimen 3i inches long from Newport. Specimens from 

Newport are in the U. S* National Museum. (Proc. U. S. Nat. Mus., 1880, 

90.) 

94. Tomer setiplimis (Mitchill). Pug-nosed Shiner; DoUar-fish. (Plate III.) 

Geog. Dist.: Tropical America, both coasts. Common south, young 
occurring north in Gulf Stream. 

Season in R. I.: Not common. Adults very rare. Occasional specimens 
in August, September, and October. The first recorded of this species 
from Rhode Island was a young specimen described by 0>pe in 1870. 
(Proc. Amer. Philos. Soc. Phila. 1870, 119.) Specimens from Newport 
are in the U. S. National Museum. (Proc. U. S. Nat. Mus., 1880, 89.) 
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An adult specimen taken in Narragansett Bay at Newport by Mr. J. M. 
K. Southwick in 1899. Young specimens taken August 23 and October 9, 
1905. 

95* Selene vomer (Linnaeus). Lookdovm; DoUar-fUh. 

Geoq. Dist. : Tropical seas. 

Food: Small Crustacea. Shrimp, gasteropods, lamellibranchs. 

96. Trachinotus falcatus (Linmeus). Round Pompano. 
Geoq. Dist. : Cape Cod to Brazil. 

97t Trachinotus earollnus (Linnaeus). Common Pompano. 

Geog. Dist.: South Atlantic and gulf coasts of United States, straying 

to Brazil and Cape Cod. 
Food: Stomach contents: Fishes, small Crustacea, amphipods, lamellibranch 

shells, diatoms, and vegetable debris. 

POMATOMIDi^. The Bluefishes. 
98. Pomatomus saltatrix (Linmeus). Blue fish. 
Geoo. Dist. : Atlantic and Indian Oceans. 

Migrations: Its migrations are probably more influenced by the presence 
of food than by temperature. They move along the coast from the south 
toward the north in the spring, following schools of menhaden. Immense 
schools appear off the Carolina coast in March and April; reaching the 
Jersey coast in the early part of May; Newport, middle of May to first 
week in Jime. In October they leave the northern coasts and appear off 
the coast of Carolina about the middle of November, where a very ex- 
tensive fishery exists until late in December. Their presence off the 
Carolina coast in autumn is preceded by schools of menhaden and marked 
by flocks of birds. (Prof. Baird, Report U. S. Fish Commission, 1873.) 

Season in R. I.: Common but not abundant. They arrive about June 1, 
and remain until the last of November. These fishes are 12 to 14 inches 
in length. On August 27, 1905, many young of this species, 4 to 6 inches 
long, were foimd gilled in the meshes of the traps. These had probably 
been present for some time, but had before been too small to be held in 
the nets. These increased to about 9 inches in length before the end of the 
season. 



Digitized by LjOOQIC 



REPORT OF COMMISSIONERS OF INLAND FISHERIES. 69 

Reproductiok: Little is known about this. It is possible that they spaw;n 
in early spring or winter in deep water or along more southerly coasts. 
Then the young, under the influence of migratory instinct, move north- 
ward along the coast, growing rapidly as they proceed. This explains 
the presence of the young fishes 4 to 6 inches in length in August. Well 
developed spawn is found in a smaU proportion of the bluefish when they 
first arrive. (Smith, The Fishes of Woods Hole, Bull. U. S. Fish Com- 
mission, 1897, 98.) 

Food: A very voracious, carnivorous fish, feeding particularly on menhadeii 
and squeteague. Stomachs also sometimes contain herring, cunners, 
squid, scup, butter-fish, marine worms, and Crustacea. 

Size: They reach a length of 5 inches in the middle of August; 6 or 7 inches 
in September; 9 inches in November; and at a year old are from 12 to 14 
inches in length. 

NOMEIDi^. TheNomelds. 

S9. Nomeus gronovil (Gmelin). Portuguese Man-of-toar-fUh. 

Oeoo. Dist.: Tropical parts of the Atlantic and Indian Oceans in rather 
deep water, swimming near the surface, very abundant in the Sargasso 
Sea, common north to Florida and Bermuda, straying to Panama and 
Woods Hole. 

Season in R. I. : Found living under Portuguese man-of-war. 

STBOMATEIDi^. The Butter-Fishes. 

100* Pallnuriehthys perctfonnls (Mitchill). Rudder-fish; Pole-fish. 

Geoo. Dist. : Atlantic coast of North America from Cape Hatteras to Maine. 
Season in R. I. : Specimen from Newport in U. S. National Museum. (Proc. 

U. S. Nat. Mus., 1886, 91.) 
Food: Small squids, snails, Crustacea. 

101. Peprllus paru (Linnseus). Harvest-fish. 
Geog. Dibt. : Cape Cod to Jamaica. 

Season in R. I.: Rare, only a few appearing each season in June or July 
with the butter-fishes. A large specimen taken July 24, 1905. 
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102. Poronotus trlcanthus (Peck). BuUer-fish. 

Geog. Dist.: Maine to Florida, rare south of Cape Hatteras. 

Migrations: Appears early in April ofiF the Jersey coast. 

Season in R. I. : Appears toward the last of May a little later than the scup. 
In 1905 first appeared May 22. The height of the spring run is during 
the first two or three weeks in June. A few are present throughout the 
siunmer. In October occurs the fall run. They finally leave in November. 
Young, 3 to 5 inches long, are common in October. 

Reproduction: Spawns in June. Young frequently found in summer, 
living under the protection of stringers of the jellyfishes. 

Food: Small fishes, small free-swimming Crustacea, annelids. 

Size: Maximum, 10 inches. 

CENTBABCHIDiS. The Sunflshes. 

103. Lepoifiis auritus (Linnfieus). Long-eared Sunfiah. 
Geog. Dist. : Maine to Louisiana, east of the Alleghenies. 
Habitat: Abundant in all fresh-water streams. 

Size: Eight inches. 

104. Eupomotis glbbosus (Linnseus). Sunfiah. 

Geog. Dist.: Great Lake region to Maine, and southward east of the 
Alleghenies to Florida. Occurs only in the northern part of the Mississippi 
Valley. 

Habitat: Clear brooks and ponds. 

105. Microptenis dolomleu (Lac^pMe). SmaU-mouthed Black Base. 
Geog. Dist.: From Lake Champlain to Manitoba and southward on both 

sides of the mountains from James River to South Carolina and Arkansas. 
Habitat: Clear cold waters of running streams. 

PERCIDi^. The Perches. 

106. Boleosoma nigrum olmstedi (Storer). Darter, 

Geog. Dist. : Lake Ontario to Massachusetts, south to Virginia. 
Habitat: Among weeds of clear streams. 
Size: Three and a half inches. 
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CHEILODIFTEBIDiS. The Cardinal Fishes. 

107* Apogon imberbis (LinnsBus). King of the MiUlets. 

Geoo. Dist.: Mediterranean and neighboring waters; Florida, West Indies, 

and Brazil. 
A specimen taken at Newport was described by Cope in 1870. (Proc. Ac. Nat. 

Sci. Phila., 1870, 120.) 

SEBBANIDiS. The Sea Basses. 

108* Boccus llneatus (Bloch). Striped Bass; Rockfish, 

Geog. Dist.: Atlantic coast of United States, New Brunswick to Florida. 
Most common from Cape Cod to Cape May. 

Migrations: It is said not to be migratory but present along oxjx coast in 
winter as well as in simuner. Taken through the ice in Long Island and 
Block Island Sounds in December. (Goode, Nat. Hist, of Aquatic Ani- 
mals, 425.) 

Season in R. I.: Arrives the last of March with the shad. The dates of 
arrival in Taunton River from 1871 to 1883 range from March 15 in 1880, 
to April 6, in 1883. (Bull. U. S. Fish Commisison, 1883, 478.) 

REPRODUcmoN: Spawns in rivers in the spring. 

Food: Voracious feeders, eating fishes and Crustacea. (Goode, loc. cit.) 

Size: Largest ever taken weighed 112 pounds. 

109. Morone americana (Gmelin). White Perch, 

Geog. Dist.: Atlantic coast. South Carolina to Nova Scotia. 

Season in R. I. : Present the year round. Taken in traps in the Bay in 

October. 
Habitat : Shallow shore waters, brackish and fresh water of rivers and ponds 

connected with salt water. Sometimes land-locked. 
Reproduction: Spawns in May in fresh water. (Goode, Hist, of Aquatic 

Animals, 432.) 
Food: Shrimp, fish spawn, insects, crabs, small fishes, and eels. 
Size: Eight inches. 

110. Eplnephelus niveatus (Cuvier & Valenciennes). Snowy Grouper, 
Geog. Dist. : Brazil to West Indies, often straying north to Cape Cod. 
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Season in R. I.: Two young specimens, 2 inches long, taken by Samuel 
Powell at Newport, 1860. (Proc. Ac. Nat. Sci. Phila., 1861, 98.) Drs. 
Goode and Bean report the capture of another specimen at the same place 
in 1877. (Amer. Jour. Sci. A Arts, XVII, 1879, 545.) Also, three other 
specimens of this species from Rhode Island are in the U. S. National 
Museum; one 2^ inches long is from Tiverton, the other two, 3 and 3} 
inches long, taken at Point Judith. The first specimens recorded from 
Woods Hole were taken in 1895; 8 or 10 other specimens taken in the 
vicinity in the same year; 2 of these were 2} and 1} inches long. 

111. CentroprLstes striatus (Linmeus). Sea Bass; Black Bass. 
Gsoa. DiST. : Atlantic coast, Casco Bay to Northern Florida. 
Migrations: Probably spends the winter in a torpid state aroimd rocky 

bottoms without extensive migrations. (Groode.) Appears on the 

Jersey coast in April. 
Season in R. I.: Arrives in May and is then most abundant. Leaves in 

October. 
Habitat: Rocky bottom in cavities and under stones. 
Reproduction: Spawns in June. Sexual differences are very marked, 

especially during the breeding season. 
Food: The various Crustacea are its most important food; crabs, lobsters, 

shrimp; also squids, molluscs, small fishes. 

112. Byiiticus bistrispinus (Mitchill). 

Geog. Dist.: South Altantic coast of the United States in rather deep 

water, straying north to Newport, R. I. 
Season in R. I.: One specimen was taken at Newport by Samuel Powell 

and described by Cope in 1870. (Proc. Ac. Nat. Sci. Phila., 1870, 119.) 

LOBOTIDiS. The Triple-Tails. 

113. Lobotes surinamensis (Bloch). Triple-taxi; Flasher, (Plate IV.) 
Geog. Dist. : All warm seas, Cape Cod to Panama. 

Season in R. I. : The rarity of this species is shown by the fact that, accord- 
ing to the Report of U. S. Fish Commission, 1901, only 6 specimens had 
been recorded in northern waters in twenty years. September 10, 1901, 
a specimen weighing 6 pounds and 22 inches long was caught in a trvg off 



Digitized by LjOOQIC 




Digitized by 



Google 



^9 



**»^-^ . 



Digitized by LjOOQIC I 



REPORT OP COMMISSIONERS OF INLAND FISHERIES. 73 

. Prudence Island. A specimen 18 inches long was taken in a trap August 
20, 1005, near Saunderstown. Another was reported by a fishennan in 
the upper part of Narragansett Bay about two weeks later. 

Habfiat: a bottom fish of sluggish habits. 

Reproduction: Probably spawns in brackish water in the spring, as young 
3 inches long were found in August in the eelgrass in Tuckahoe River, 
New Jersey. (Goode.) 

Food: Small fishes, muscles, shrimp. 

She: Three feet. 

FBIACANTUlDiS. Catalufas. 

114. Pseudopriacanthus altus (Gill). Big-eye. 

Geoo. Dist. : West Indies in rather deep water, north to Cape Cod. 

Season in R. I. : Very rare. A few have been taken at Woods Hole and 
vicinity. The type of this species described by Gill was a very young 
specimen taken in Narragansett Bay near Conanicut Ferry in September, 
1860. (Proc. Ac. Nat. Sci. Phila., 1870, 120.) 

LUTIANn)i£. The Snappers. 

115* Neomieills griseus (Linnseus). Gray Snapper; Mangrove Snapper, 
Geoo. Dist.: West Indies, ranging from New Jersey to Brazil, straying 

northward to Woods Hole. 
Season in R. I. : A snapper was taken in 1896 at Newport which was prob- 
ably this species. A few others have been taken at Woods Hole in 
September. (H. M. Smith, The Fishes of Woods Hole, Bull. U. S. Fish 
Commission, 1897, 100.) 

SPABIDi^. The Poigles. 

116. Stenotomus chrysops (Linnaeus). Scup; Pargy; Scuppaug. 
Geoo. Dist.: Most abundant on south coast of New England. Ranges 

from Casco Bay, Maine, to South Carolina. 
Migrations: They strike directly on the southern New England coast from 
their winter habitat in warmer water; they begin to leave about the 
middle of October. Cod have been taken on Nantucket shoals, in late 
November, filled with small scup. 

10 
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Season in R. I.: The first stragglers appear about the last of April. . The 
first large run comes' early in May, and consists of large breeding fish. 
The second or summer run comes after the breeders and is composed of 
small fishes without spawn. They are said to come in from the west and 
south. They are very abundant in May and June; stragglers remain all 
summer; they finally leave the last of October. In 1900 the first arrival 
was April 21, reaching Cuttyhunk April 26, Woods Hole on May 1. In 
1901 the first arrival was April 26. The dates of arrival of the scup in 
Taunton River from 1871 to 1883 range from May 27 in 1880 to June 1 in 
1882. The earliest recorded appearance in Rhode Island is probably 
April 15 in 1871. The greatest abundance of that year in Newport was 
on the 15th of May. In 1905, Capt. Chiu'ch of Tiverton caught a single 
scup on May 1st at Newport. On May 11th the sea fowl appeared outside 
Newport Harbor, the usual sign of the approach of the schools. First 
good catch was made on May 16; small catches were made until June 4, 
when for a few days the largest hauls of the season were made. The 
season ended June 25 in the Bay, while at Block Island it lasted until after 
June 27. The season this year was poorer than usual, due perhaps to the 
fact that on May 16 and a few days following there was an exceptionally 
large run of pollock along the whole shore from Brenton's Reef io Sakonnet 
Point. 

Reproduction: The first runs consist of large breeding fish filled with 
spawn. The eggs are deposited on eelgrass and sandy shores; they sink 
to the bottom and adhere to solid objects. Fishermen say that 
the scup spawn in the pounds when being confined there. The eggs 
hatch in a very few days, and the young can often be seen swimming 
around on the surface with the yolk sac visible. As they grow older 
they continue to remain in and around the pounds, apparently for protec- 
tion. Spawning season is over not long after June 1, as is shown by the 
taking of spent fishes and by the fact that, about this time, the scup begin 
to take the hook. 

Enemies: Bluefish, cod, halibut, shark, squeteague. 

Food: Invertebrates chiefly, though small fishes are sometimes found in the 
stomachs of large specimens. Molluscs, Crustacea, annelids, squids, 
hydroids, crepidulse. Stomachs of small specimens usually contain 
chiefly copepods and other small Crustacea. 

Size: The yoxmg 4 or 5 inches long are sometimes taken in the seine in 
September and October on sandy shores. The young reach i to 3 inches 
long in July. (Smith, Fishes of Woods Hole, loc. cit.) 
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117. Liagodon rhomboldes (Linnaeus). Sailor's Choice; Shiny Scup. 
Geog. Dist.: Abundant from Cape Hatteras southward, straying north to 

Cape Cod. 
Season in R. I.: Not common. Specimen from Newport, collected by Mr. 

J. M. K. Southwick in 1899. 
Rbproduction: Spawns in the south in winter or early spring. 
Food: Small fishes, small Crustacea. 

118. Archosargrus probatoeephalufl (Walbaum). Sheepshead. 
Geoo. Dist. : Cape Cod to Mexico, abundant.in the south. 

Season in R. I. : Said to have been common formerly, but now rare north 

of Long Island. Sometimes taken at Newport. (Mr. Southwick). 
Reproduction: Spawns in bays and mouths of rivers in March and April. 
Habitat: Bottom fish-. 
Food: Barnacles, sheU-fish. 
Size: Maximum, 3 pounds. 

KYPHOSIDi^. The Budder-Fishes. 

119. Kyphosus seetatrix (Linnseus). Rudder-fish. 

Geoq. Dist.: Common in West Indies and Key West, and east to the 

Canary Islands; straying to Cape Cod. 
Specimen in U. S. National Museum, taken at Newport by Mr. Samuel Powell. 

(BuU. U. S. Nat. Mus., 1879, 46.) 

SCIillNIDi^. The Drums. 

1/SO. Cynoscion regalis (Bloch & Schneider). Squeteague; Weakfi^h, 

Geoo. Dist.: Abundant from Cape Cod to Florida, straying on the Gulf 

coast to Mobile, north to Bay of Fundy. 
Miorations: Taken on the Jersey coast in April. The temperature of the 
water at the time of their arrival is about 50°F., though their movements 
may depend more on the presence of schools of menhaden and butter- 
fish, on which they feed, than on the temperature. 
Season in R. I. : Scattering individuals are taken the middle or last of May, 
but the large run does not come until about June 10. Very abundant 
through the remainder of the season and is the most important food fish 
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of the State after the end of the scup season. They decrease considerably 
in numbers the latter part of July and August; they increase again the 
latter part of August and September, and finally disappear in October. 
The first runs are composed of adults fishes of imiform size, some having 
ripe spawn. About August 20 a new school arrives, composed of smaller 
fishes about 12 to 14 inches in length. These remain throughout the 
season. The first specimen taken in Providence River in 1905 "was at 
Gaspee Point on Jime 16th. A catch of 70,000 pounds was made June 16, 
1905, by a Gloucester schooner ofif Block Island. 

Habitat: Coast and still-water fish, running up tidal waters. Immense 
schools on surface have often been seen. (Goode.) 

Reproduction: Many of the fishes have ripe spawn when they first arrive; 
this indicates the spawning season about June 1. Spawns around bays 
and inlets and at the mouths of rivers in certain localities; Providence 
River is a favorite spawning groimd. The eggs are buoyant. 

Food: Fishes, especially menhaden and butter-fish, are its staple articles 
of diet. Herring, scup, squids, shrimp. The young live exclusively *on 
shrimp and young fishes. (J. H. Peck, Ph. D., The Sources of Marine 
Food, BuU., U. S. Fish Ck>mmission, 1895, 351.) 

Size : August 5, 1901 , yoimg squeteague abundant at Red Bridge, Providence 
River, 1.25 to 2.25 inches in length. (Eigenmann, Investigations into the 
History of the Young Squeteague, Bull., U. S. Fish Commission, 1901, 45.) 

121. Leiostomus xanthurus (Lac^pMe). Spot; Goody. 
Gboo. Dist.: Cape Cod to Texas; abundant south. 

Migrations: Jersey coast at Sea Isle City in July; north Jersey coast in 

August; Woods Hole in autumn; remaining through October until the 

temperature falls below 45® F. 
Season in R. I.: Sometimes taken at Newport. (Mr. Southwick.) 
Habitat: Bottom fish. 
Refroduction: Spawns in the south in bays and inlets in November and 

December. 
Food: Small molluscs and Crustacea, annelids. 
Sims: Three or 4 inches on south Jersey coast. Woods Hole spechnens about 

6 inches. 

122. Mentlcirrhus sazatUls (Bloch & Schneider). Kingfiah; Seormink. 
Geoo. Dist. : Cape Ann to Pensacola. 
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Migrations: Reaches Jersey coast in April, most abundant in May. 
SsASON IN R. I. : First appears in May. A few are present throughout the 

season until October. 
Reproduction: Spawns in June. (Smith, Fishes of Woods Hole.) 
Habitat: Deep channels, sandy bottoms. Occurs singly, not in schools. 
Food: Bottom feeders. Small Crustacea, annelids, sometimes young fishes. 
Size: At Woods Hole the young one inch long appear in the middle of July 

on sandy beaches. These become 4 or 5 inches long in October. (Smith, 

loc. cit.) 

123. Pogonlas eromls (Linnseus). Drum. 

Geoo. Dist.: Abundant on South Atlantic and Gulf coasts, rare north to 

Provinoetown. 
Season in R. I. : Very rare. • 

Habitat: Sluggish swimmers, living on the bottom. 
Food: Bottom-dwelling invertebrates. This fish is especially destructive 

to oysters. 
Sue: Average, 20 pounds, maximum, 80 pounds. Young specimens much 

unlike adults. 

POMACENTRID^. The Demoiselles. 

124. Abudefduf sazatills (Linmeus). PirUano; Cow-^i. 

Geoo. Dist.: Tropical America on both coasts, abundant in West Indies. 
Gill in 1870 mentioned a specimen of this species from Rhode Island. 
(Proc. Ac. Nat. Sci. Phila., 1870, 120.) 
Food: Free-swimming Crustacea. 

lABBlDJE. The Wrasse-Fishes. 

125. Tautosolabrus adspersus (Walbaum). Cunner; Chogset. 
Geoq. Dibt.: Labrador to Sandy Hook. 

Season in R. I.: Extremely abundant the year round; hibernates in the 

eelgrass during the winter. 
Habitat: Shoal water around shores and wharves. 
Reproduction: Spawns in Jime and July. 
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Food: Like that of the tautog. Browses around wharves, piles, and similar 
places, eating fishes, tunicates, hydroids, annelids, small crustaoea, 
univalve molluscs; an important scavenger of harbors, feeding on all 
kinds of dead animal matter. 

Size: Ten inches. Young 1 inch long appear August 1. (Smith, loc. cit.) 

126. Tautoga onitls (Linmeus). Tautog; Blackfish, 

Geog. Dist.': Atlantic coast, New Brunswick to Charleston. 

Season in R. I.: Abundant from May to November, but taken in the 
greatest numbers from the middle of May till the middle of June. In 
winter they seek deeper water and probably hibernate among the rocks. 
A few have been taken in Rhode Island in midwinter with lines and in 
lobster pots. (Goode.) There are instances of their death in great 
numbers during very cold winters. In February, 1857, after a very cold 
season^ himdreds of tons of tautog drifted on the shores of Block Island; 
in 1641 the same thing occurred on the southern shores of Massachusetts 
and Rhode Island. (Goode.) In 1900 the first specimen taken at Paw- 
tuxet was on April 26. 

Habitat: Shallow water on exposed shores about rocks and seaweed. 

Reproduction: Spawns from May through July, probably in eelgrass. The 
young appear about August 1. 

Food: Hard-shelled molluscs and Crustacea. 

Size: The largest one on record was taken at New York, July 1876, and 
measured 36} inches. 

EPmPPIDiS. The Angel-Fishes. 

i;^. Chaetodlpterus faber (Broussonet). Spadefish; Angd-fisk; Moon-fish. 
Geoo. Dist. : Cape Cod to Rio Janeiro, very abundant on our south Atlantic 

coast. 
Season in R. I. : Very rare. One specimen, 17 inches long, is in possession 

of the Commission, taken in Narragansett Bay, date uncertain. 
Food: Shrimp, annelids, foramenifera, diatoms. 

CHi^rrODONTIDi^. The Butterfly Fishes. 

128. Chaetodon oeellatus (Bloch). Parchi. 

Geog. Dist.: Common at West Indies, the young straying northward to 
New Jersey, Rhode Island, and Cape Cod. 



Digitized by LjOOQIC 







a : 



Digitized by 



Google 



Digitized by LjOOQIC 



REPORT OF COMMISSIONERS OF INLAND FISHERIES. 79 

Season in R. I. : Gill describes a young specimen 1 inch long from Newport. 
(Proc. Ac. Nat. Sci. Phila., 1861, 99.) 

BALISTIDi^. The Trigger-Fishes. 

1Z9. Bali8tesforeii»atii8(Gmelin). PoweU'a FUefish, 

Geog. Dist.: Africa, occasionally strajring to American coasts. 

This species has been identified with Balistes powelli. (Jordan and 
Evermann, Fishes of North America, 1702.) Only one specimen has 
ever been recorded from northern waters; this was a young individual 
taken in September, 1867, at Newport by Samuel Powell and described 
by Cope. (Proc. Ac. Nat. Sci. Phila., 1870, 120.) 

130. Balistes carolinensis (Gmelin). Trigger-fish; Leather-jacket. (Plate V.) 
Geog. Dist.: Tropical parts of the Atlantic north in the Gulf Stream to 

England and Cape Cod. 

Season in R. I.: Somewhat rare, but generally a few are taken each year. 
One specimen, taken in a trap in the West Passage, Narr^gansett Bay, 
August 1, 1905, and another October 9, 1905, with tautog, near the north 
end of Conanicut Island. Specimen from Newport in the U. S. National 
Museum. (Proc. U. S. Nat. Mus., 1880, 77.) 

Reproduction: Supposed to spawn in deep water. • 

Food: Molluscs, Crustacea. 

MONACANTHIDiS. The FUefishes. 

131. Monaeanthiis hispldus (Linnseus). Foolfi^h; FUefi^h. 

Geog. Dist. : Cape Cod to Cuba, through the West Indies to Brazil. 

Season in R. I. : A few specimens taken in Rhode Island waters, the maxi- 
mum size being 5 or 6 inches. A specimen from Newport in the U. S. 
National Museum. (Proc. U. S. Nat. Mus., 1880, 76.) 

Food: Small Crustacea, annelids, lameUibranchs, small gasteropoda. 

Size: Adults, 10 inches; only the young found north. 

132. Ceratacanthus sehoepfll (Walbaum). Foolfish; FUefi^th, 
Geog. Dist.: Cape Cod to Florida and Texas. 

Season in R. I. : Occasionally taken in August and September. Specimen 
from Newport in the U. S. National Museum. (Proc. U. S. Nat. Mus., 
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1880, 76.) Four taken in the traps in Narragansett Bay during August, 
1905. One young specimen, 4 inches long, taken in trap at Qoose Neck, 
near Wickford, October 9, 1905. Young, 1 to 4 inches long, common 
under gulfweed in sununer. 
REPRODUcnoN: Probably spawns in mid-ocean. (Goode.) 
Food: Small Crustacea, jelly-fishes, ctenophores, hydroids. 

OSTBACUDiC:. The Trunkflshes. 

133. Lactophrys trigonilS (LinnsBus). Trunkfish; Shell-fish. 
Qboo. Dist.: West Indies, north to Woods Hole. 

Size: Young specimens 1 inch long are common from July to October at 
Woods Hole in eelgrass and around wharves. (Smith.) 

TETRAODONTIDiC:. The Puffers. 

134. Lagoeephalus ISBTigatllS (linnseus). Smooth Puffer; Puffer. 
Geoo. Dist. : Cape Cod to Brazil. 

Season in R. I. : Somewhat rare. One specimen taken in Narragansett Bay, 
July 22, 1887. Three were taken in the year 1900, the largest weighing 
10 pounds, caught October 4 at Tiverton; one at Newport, collected by 
Mr. J. M. K. Southwick, and a third taken in a purse-net near Point 
Judith, September 28. Specimen 4^ inches long taken in early August, 
1905. This is an interesting specimen in view of the fact that Smith says 
that those of this species taken at Woods Hole are all about 11 or 12 
inches long, small ones never being observed. 

Rbproduction: Said to breed near Pensacola in June and July. 

Size: Average, 2 feet. 

135. Spheroides maeulatlis (Bloch & Schneider). Swellfish; Puffer, 
Geog. Dist. : Atlantic coast of United States from Cape Ann to Florida. 
Season in R. I. : Very common from May to October. Many young speci- 
mens, an inch long and upwards, are taken in the seines on the sandy 
beaches through July and August. 

Reproduction: Spawns from June 1 to 10. (Smith.) 
Food: Bottom invertebrates; small crabs, hermit crabs, shrimp, molluscs, 
crepidulse, annelids. 
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136. Siiheroides testudineus (LinnsBus). 
Geog. Dist. : West Indies north to Newport. 

Season in R. I.: Has been taken at Newport. (Cope, Proc. Ac. Nat. Sci. 
Phila., 1870, 120.) 

137. Spheroldes trichocephaliis (Cope). 

This species is known only from CJope's description of a small specimen 4 
inches long taken by Samuel Powell in. the Gulf Stream off Newport. 
Possibly the young of Spheroides pachygaster. (Cope, Proc. Ac. Nat. Sci. 
Phila., 1870, 120.) 

DIODONTIDiS. The Porcupine-Fishes. 

138. Chilomyeterus schoepfi (Walbaum). Swell-toad; Puffer; Porcupine-fish, 

Geog. Dist. : Cape Cod to Florida, abundant south in shallow water.' 

Season in R. I. : Two specimens from Rhode Island are in the U. S. National 
Museum; one was taken at Newport, (Proc. U. S. Nat. Mus., 1880, 75); the 
other was taken at Watch Hill by the U. S. Fish Commission, September 
18, 1874. (Bull. U. S. Nat. Mus., 1879, 24.) In 1903 Mr. Fowler, of 
Wickford, took a specimen in a dredge in Narragansett Bay opposite 
Hamilton. 

Food: Crustacea, molluscs. 

Size: Six to 10 inches. 

MOLIDi^. The Head-Fishes. 

139. Mola mola (Linnseus). Sunfish, 

Geog. Dist. : Tropical seas, north to San Francisco, Cape Cod, and England. 

Season in R. I. : Occasionally taken at Block Island in late summer. 

Habitat: Surface of the open water. 

Reproduction: Nothing is known about its breeding habits, but the young 
are sometimes taken in mid-ocean. 

Food: Fishes, Crustacea, ctenophores, jelly-fishes. 

Size: Largest on record was taken at California, 8 feet, 2 inches long, weigh- 
ing 1,800 pounds. 
11 
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SCOBPi«INIDi& The Rock-Fishes. 

140. Helicoleniis dactylopterus (De la Roche). 

Gbog. Dist.: Narragansett and Chesapeake Bays, in deep water. Common 
in the Mediterranean. 

Sbason in R. I. : First discovered in America in 1880 off Narragansett Bay, 
by the Fish Hawk. (Goode and Bean, Oceanic Ichthyology, 1896, 249.) 

COTTIDi^. The Sculphis. 

141. Myoxocephalus aeneus (MitchiU). Utile Scidpin; Gmbby. 
Geog. Dist.: Coast of southern New England and New York. 
Season in R. I. : Conmion throughout the year. 

Reproduction : Spawns in March; the eggs at that time may be seen sticking 

to nets and seaweed. 
Food: Bottom invertebrates; annelids, copepods, shrimp, young flounders. 
Size: Maximum, 6 to 8 inches. Specimen 3 inches long taken in seine at 

Willow Beach near Wickford, July 17, 1905. 

14^. Myoxocephalus groenlandlcus (Cuvier & Valenciennes). Daddy Scul- 
pin; Scidpin. 
Geog. Dist. : New York to Greenland. 
Season in R. I. : Common in October and November. 
Reproduction: Spawns in November and December. 
Food: Fishes, Crustacea, worms. 
Size: Maximum, 25 inches. 

143. Myoxocephalus octodecimspinosus (Mitchill). Eighteen-spined Scul- 

pin; Sculpin. 
Geog.. Dist. : Labrador to Virginia, common about Cape Cod. 
Season in R. I.: Common in October and November. Specimen taken 

May 29, 1905, off Brenton's Reef, Newport. 
Reproducfion: Spawns in November and December. 
Size : About a foot long. 

144. Hemitriptenis americanus (Gmelin). Sea-raven; Red Sculpin. 
Geog. Dist. : Atlantic coast, New York to Labrador. 
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Season in R. I.: Occasionally taken in October and November. Two 
specimens from Newport are in the U. S. National Museum. (Proc. U. S. 
Nat. Mus., 1880, 86.) October 9, 1905, a specimen taken at the north 
end of Conanicut Island. 

Food.: All bottoms invertebrates; molluscs, Crustacea, sea urchins, worms. 
Useful scavengers. 

CYCLOPTEBIDiS. The Lump-Suckers. 

145. Cyelopterus lumpus (Linnsus). Lumpfish, 

GzoG. DisT.: North Atlantic, south to France and Cape Cod. 

Season in R. I. : Fairly conmion in April, May, and Jime. Specimen from 

Newport in the U. S. National Museum. (Proc. U. S. Nat. Mus., 1880, 

83.) 
Habitat: Rocky shores. 
Reproduction: Spawns in April and May near the shore. ''The female 

then retires to deep water, leaving the male to watch the eggs which hatch 

among seaweed and eelgrass." (Garman.) The young are sometimes 

taken in the svunmer under drifting seaweed. 
Food: Ctenophores, small jelly-fishes. 
Size: Sometimes reaches 20 inches, but generally less. 

LIPABIDIDiS. The Sea-Snails. 

146. Liparls liparls (Linnseus). Sea-snail; Sucker. 

Geog. Dist.: North Atlantic on both shores, north to Spitzbergen, south 
to Connecticut and France. Most abundant in North Europe. 

Season in R. I. : In the U. S. National Museum is a specimen taken by the 
U. S. Fish Commission at Watch Hill Reef, August, 1874. Small specimen 
taken in September, 1874, off Block Island, from the shell of a large species 
of scallop, Pecten tenuicostatus. (Goode, Nat. Hist, of Aquatic Animals, 
234.) Common in winter on rocky bottoms. (Smith.) 

Habitat: Parasitic, living within the shells of large scallops, in company 

with a small crab. 
Reproduction: Found full of spawn in December and January. (Smith.) 
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TRIQLIDJE. The Gurnards. 

147. Prionotui^ earolinus (LimuBua). Common Gurnard; Sea-robin, 
Geog. Dist.: Cape Cod to South Carolina. But in 1896, between July 4 and 

14, over 25 specimens were taken in Casco Bay, Maine. 
Season in R. I.: Appears in May, and is common until October. Two 

specimens from Newport in the U. S. National Musemn. 
Reproductign: Spawns in June. 
Food: Fishes, one specimen had four winter flounders in the stomach. 

Also young clams, squids, molluscs, shrimp, annelids. 

148. Prlonotus Strlgatus (Cuvier & Valenciennes). Sea-robin; Red Sctdpin. 
Geoo. Dist.: Atlantic coast, Cape Cod to Virginia. 

Season in R. I. : Common in shallow water in summer. 
Reproduchon: Spawns in summer. (Smith.) 

CEPHALACANTHIDi^. The Flying Gurnard. 

149. CephalacanthllS VOlitans (Linn^BUs). Flying Robin; Flying Gurnard, 
Geog. Dist.: Atlantic Ocean, on both coasts. 

ECHENEIDIDiS. The Bemoras. 

150. EScheneis naucrates (Linnseus). Shark Sucker; Remora. 

Geog. Dist.: Warm seas, universally distributed, north to Cape Cod and 

San Francisco. 
Season in R. I. : In the warmer part of the summer they are occasionally 

found swimming around in the traps or attached to almost any fish. 
Habitat: Very common in the tropics, attached to turtles or any large fish. 

151. Echeneis naucrateoides (Zuieuw). Sucker. 

Geog. Dist. : The same as the above species. 

Season in R. I. : Specimen from Newport in U. S. National Museum. (Proc. 

U. S. Nat. Mus., 1880, 102.) One taken in a trap in Dutch Island Harbor, 

Narragansett Bay, October 2, 1905. 

152. Rhombochirus osteochir (Cuvier). Spear fish Remora. 
Geog. Dist.: West Indies north to Cape Cod. Rare. 
Habitat: Parasitic on spearfish (Tetrapturus) . 
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BATBACHOIDIDi^. The Toadflshes. 

153* Opsanus tau (Linnseus). Toadfish; Toad-grunter. 
Geoo. Dist.: Cape Cod to Cuba. 
Season in R. I.: Common throughout the year in shallow water imder 

atones and eelgrass. 
Habitat: Among rocks and weeds close to the shore. 
Reproduction: Spawns in June, the eggs being attached to the under sides 

of sticks and stones. 
Food: Young fishes and all kinds of bottom invertebrates. 
Size: Maximmn, 15 inches. 

BLENNnDiiC. The Blennies. 

1S4. Fholis sunnellus (Linnseus). BuUer-fish; Rock Eel. 

Geog. Dist.: North Atlantic, Labrador to Rhode Island, Norway to 

France. 
Season in R. I. : Occurring rarely in spring. 
Habitat: Rocky shores among algae, in deep water in winter. 
Size: Twelve inches. 

ANABHICHADIDi^. The Wolf-Fishes. 

J.55. Anarhlehas lupus (Linnseus). Wolf-fish; Catfi^. 

Geoo. Dist. : North Atlantic south to Rhode Island and France. 
Season in R. I.: In the U. S. National Museum is a cast of a specimen 
taken by the U. S. Fish Commission at Coxswain's Lodge, R. I., July 25, 
1875. (Bull. U. S. Nat. Mus., 1879, 32.) 
Size: Three or 4 feet. 

ZOABCIDi^. The Eel-Pouts. 

166. Zoarees anguillarls (Peck). Eel-pout; Sea Eel. 
Geog. Dist.: Delaware to Labrador. 
Season in R. I. : Offshore waters in the autumn. 
Habitat: Deep water. 
Size. Twenty inches. 
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157* Lycodes reticulatus (Reinhardt). Eel-jmd, 

Geoo. Dist. : North Atlantic, south to Narragansett Bay. 

Season in R. I.: The National Museum contains two specimens taken hy 

the Fish Hawk in Narragansett Bay in 17 fathoms, September, 1880. 

(Goode and Bean, Oceanic Ichthyology, 1896, 305.) 
Habitat: Deep water, 17 to 140 fathoms. 
Size: Fourteen inches. 

MERLUCCIIDi^. The Hakes. 

158. Merluceius bilinearis (MitchiU). Silver Hake; WhUing; Fro$t-fi8h. 
Geoo. Dist.: Coast of New England, northward to Straits of Belle Isle; 

south in deep water to the Bahamas. 

Season in R. I.: A few taken in May in offshore waters. Common in 
Narragansett Bay in October. 

Reproduction: In September and October, 1880, while exploring the 
ocean bottom off Newport and at the edge of the Gulf Stream, immense 
numbers of the young of this species, from i inch to 3 inches in length, 
were taken on the bottom, in water 150 to 487 fathoms deep; with them 
were taken many adults, 12 to 18 inches in length, apparently in the act 
of spawning, some with ripe or nearly ripe ova, others which were evidently 
spent fish. The largest of these young must have been hatched from eggs 
shed in July. Thus the spawning season must be somewhat extended, 
lasting well into the fall. In September an adult taken at Halifax, N. S., 
was full of nearly ripe spawn. (Goode, Nat. Hist, of Aquatic Animals, 
242.) 

Food: This species is a fish of prey, coming to the surface to capture herring 
and other small fishes. Also feeds upon crabs and small Crustacea. 

GADIDi^. The Cods. 

159. Pollaehlus virens (Lmnseus). Pollock, 

Geoo. Dist.: North Atlantic, south on both coasts to New Jersey and 
France. 

Migrations: Like the cod, appearing in New England shore waters in cool 
weather, leaving when temperature reaches 60** or 65°F. Reach Nan- 
tucket early in April. 
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'SsASON IN R. I.: Not common in Narragansett Bay. A large run arrives 
in offshore waters in the middle of May, probably leaving in June. 
Comes in again in September and October and are present through the 
winter.' A small specimen, 14 inches long, taken September 11, 1905, 
Dutch Island Harbor, Narragansett Bay. On May 15, 1905, and during 
the few following days a large run of pollock took place all along the shore 
from Brenton's Reef to Sakonnet. This was the largest nm for years, 
and made havoc among the scup schools. 

REPRODUcnoN: Like the cod, spawning takes place in winter in the open 
water. The eggs are buoyant, but smaller than those of the cod. 

Habitat: Like the cod; a bottom and deep-water fish. ' But it is more often 
seen on the surface than the cod, congregating in large schools which roam 
from place to place preying on fishes of all sorts. 

Food: Fishes of all kinds; scup, yoimg codfish. 

Size: Ten or 12 pounds. Schools of young at Woods Hole in April, 1 to li 
inches long; these are 4 inches long in June. In September there is a nm 
of pollock 7 or 8 inches long. 

160. Microgadus tomcod (Walbaum). Tomcod; Frostfish. 
Geog. Dist.: Virginia to Labrador. 

Season in R. I. : Present along the coast the year round; common in streams 

and near shores in winter. 
RBPEODUcnoN: Spawns in shore waters in December. 
Food: Annelids, shrimp, amphipods, and other small Crustacea. 
Size: Rarely over 12 inches. 

161. Gadus callarlas (Linnsus). Cod. 

Geog. Dist. : North Atlantic, south to Virginia and France. 

Migrations: Prefers a temperature of 35° to 42°F., therefore it remains on 
the offshore banks during summer along the New England coast, keeping 
out in the cold Labrador current, which extends south inside the Gulf 
Stream, coming into more shallow water in the winter. 

Season in R. I. : Appears in October; height of season November 1 ; present 
all winter. A spring run takes place in April. 

Reproduction : The extreme length of the spawning period is from Septem- 
ber to May. The spawning of each fish probably continues through a 
period of two months. The eggs are buoyant. 
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Food: Feeds on all marine animals smaller than itself. Many specimens 
of lobsters have been found in the stomach of cods; a 5-inch lobster was 
found in the stomach of a cod taken ofif Nantucket November 1, 1900. 
The very young feed exclusively on copepods. 

Size: At Woods Hole young, J to 1 inch in length, are seined in March. 
These leave about June 15, 3 or 4 inches in length. 

16^. Melanosrainmus aegUfinus (Linnseus). Haddock. 

Geog. Dist.: North Atlantic, south to France and North Carolina; in deep 

water to Cape Hatteras. 
Reproduction: Spawning season in April, May, and June. 
Food: Like that of the cod, but more largely of invertebrates. (Goode.) 

163. Urophycis regius (Walbaum). King Hake; Codling. 

Geog. Dist.: Nova Scotia to Cape Hatteras, but nowhere common except 

in the neighborhood of Long Island. 
Season in R. L: From September to November; not common. Rare in 

Narragansett Bay. Specimens taken in 155 fathoms of water ofif Newport 

by the Fish Hawk, September, 1880. 
Habitat: Deep water. 
Size: Average about 10 inches. 

164. Urophycis tenuis (MitchiU). White Hake; Hake; Squirrel Hake. 

Geog. Dist.: Banks of Newfoundland to Cape Hatteras, abundant north- 
ward in deep water, reaching a depth of 304 fathoms. 

Season in R. L: April to November; not so common as the Red Hake 
(Urophycis chuss). 

Reproduction: Probably spawns in spring and early summer. Young 
specimens found in the shells of Pecten ienuicostatuSf off Watch Hill, 
September, 1874. (Goode.) 

Food: Bottom feeding; fishes and Crustacea. 

Size: One to 2 pounds. 

165. Urophycis chuss (Walbaum). Hake; Red Hake. 

Geog. Dist.: Atlantic coast, Gulf of St. Lawrence to Virginia. 
Common northward, reaching a depth of 300 fathoms. 
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Season in R. I. : Comes in about May 1 and is very common through May 
and June, but absent through the summer. Comes in again about Octo- 
ber 1 and is abundant until December. 

Habitat: Bottom fish. 

Reproduction: They are said by the fishermen to be full of spawn when 
they first arrive, breeding season lasting through June and July. 

Food: Crustacea and small fry. 

Size: Two to 5 pounds. 

166* Brosme brosme (Miiller). Cuah; Ling, 

Geoo. Dist. : North Atlantic, south to Long Island and Denmark, north to 

Iceland and Spitzbergen. Rare south of Cape Cod. 
Season in R. I. : Specimen taken oflf Newport November, 1898. 
Habitat: Deep water, inhabiting rocky ledges. 
Reproduction: Said to spawn during April and May. 

PLEUBONECnDi^. The Flounders. 

167* Hippog^OSSUS hippoglossus (Linnseus). Halibut. 

Geoo. Dist. : In all northern seas. In water of moderate depth in North 
Atlantic, North Pacific and Behring Sea; south in deep water to France, 
Sandy Hook, and San Francisco. 

Season in R. I.: In February, 1876, a few were taken about eight miles 
from the southeast point of Block Island. On May 1, 1876, off Watch 
Hill an 80-pound halibut was taken, the first in that vicinity for many 
years. On April 16, 1900, a 100-pound halibut was brought to Newport; 
it was taken with others off Block Island by a cod fisherman. It was 
formerly quite common around Block Island and Vineyard Sound. 

Habitat: Cod banks of northern seas in water 32° to 45® F., from shoal 
water down to 250 fathoms or more. 

Reproduction: Spawning season probably lasta from the latter part of the 
summer through the fall. (Goode.) 

Food: Molluscs and cmstacea, and fishes of all sorts. 

Size: Up to 400 pounds. 

168. HIppoglossoides platessoides (Fabridus). Sand-dab; Rough-dab; 
Rusty Flounder. 
Geoo. Dist.: North Atlantic, common in deep water south to southern 
New England and the coast of England and Scandinavia. 
12 
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Season in R. I.: Not unusual in deep water off southern Massachusetts 
and Rhode Island, approaching the coast in winter. (Proc. U. S. Nat. 
Mus., 1880, 471.) 

160. Parallchthys dentatUS (Linnaeus). Summer Flounder; Flounder; Fluke. 
Geog. Dist.: Atlantic coast, Cape Cod to Florida. 
Migrations: They are found northward in 2 to 20 fathoms; in winter they 

move out into deeper wat^r. 
Season in R. I.: May to the end of October. More abundant in summer 

than the winter flounder. 
Habitat: Sandy bottoms. 
Food: Small fishes, especially butter-fish and scup, crsutacea, molluscs, 

squid, sand dollars. 

170. Parallchthys oblongUS (Mitchill). Four-spotted Flounder; Flounder, 

Geog. Dist.: Coasts of New England and New York, inhabiting deeper 
water than the other species of this genus. Common on the coast of Cape 
Cod, rare in other places. 

Season in R. I.: Common in May and June in the outside waters. Not 
common in Narragansett Bay. Specimens were taken off the Rhode Island 
coast by the Fish Hawk, in September, 1880, at a depth of 100 fathoms. 

Reproduction: Spawns in May. The eggs are buoyant, 1-26 inch in 
diameter and hatch in 8 days in water of 51° to 56°F. 

Food: Crustacea, annelids, molluscs, small fishes. 

Size: Twelve inches. 

171. Umanda f erruginea (Storer). Rusty Flatfish. 
Geog. Dist.: Atlantic coast, Labrador to New York. 
Season in R. I. : Common through the year in deep water. 
Food: Crustacea, molluscs, annelids, smaU fishes. 

172. Pseudopleuronectes americanus (Walbaum). Flatfish; Winter 

Flounder. 

Geog. Dist.: Atlantic coast, Labrador to Chesapeake Bay. 
Migrations: Moves very little with change of season, but goes out into 
somewhat deeper water during the hot summer months. 
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Season in R. I.: Present the year round. More abundant in late winter 
and spring while spawning, and in October. A few are taken in traps in 
the summer, but it is not so common at that time as the summer flounder 
(Paralichthys dentatus). A specimen 5 inches long was seined at Willow 
Beach near Wickford, July 17, 1905. A dark bellied variety appeared 
in Greenwich Bay in 1897; apparently these have since disappeared. 
(Bulletin U. S. Fish Commission, 19, 1899, 305.) 

Habitat: Grassy and muddy bottoms. 

Reproduction: Spawns from February to April. The eggs are 1-30 of 
an inch in diameter and very glutinous. The average number of eggs in a 
single individual is 500,000. The eggs hatch in 17 or 18 days in water 
37'' or 38**F. (Smith.) 

Food: Small fishes, shrimp and other small cnistacea, molluscs, annelids. 

173. Lophosettal maculata (Mitchill). Windouhpane; Sand-dab, 

Geog. Dist. : Atlantic coast of United States, Casoo Bay to South Carolina . 

Season in m. I. : Very common from April to October. 

Reproduction: Spawns about June 1. The eggs are buoyant, non-ad- 
hesive, 1-24 of an inch in diameter; they hatch in 8 days in wat«r 51° to 
56° F. 

Food: Fishes and Crustacea. 

Size : Ten to 12 inches in length. Specimen 3 inches long, taken at Willow 
Beach, Wickford, July 17, 1905. 

SOLEIDiS. The Soles. 

174. Aehirus faseiatus (Lac^pdde). Sole; Hog-choker; Black Flatfish. 
Geoo. Dist. : Coasts of the Atlantic and the Gulf of Mexico north to Cape 

Ann. Conmion south of Susquehanna River. 

Season in R. I. : Not very common in Xarragansett Bay. Specimens from 
Providence and from Newport are in the U. S. National Museum. Speci- 
men taken August 14, 1905, in a trap in the West Passage. 

Food: Eight specimens examined by Dr. Linton in 1899 had only vegetable 
debris (Fuciia and eel-grass) in the alimentary canal. 

LOPHIID^. The Fishing-Frogs. 

175. Lophius piseatorius (Linnseus). Goose fish; Bellows-fi^h; Angler. 
Geoo. Dist.: North Atlantic, common on both coasts. Ranges southward 
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along the shore to Cape Hatteras; in deep water as far as The Barbadoes 
in 209 fathoms, and to the Cape of Good Hope. North to Norway and 
Nova Scotia. 

Season in R. I. : Very common from April to July; apparently absent in 
summer, probably going out into deeper water; conunon in shallow water 
again in October. In September; 1880, three specimens were taken in the 
tilefish area at depths of 120 to 365 fathoms. (Proc. U. S. Nat. Mus., 
1880, 461.) 

Habitat: A sluggish, bottom-loving fish. It probably hibernates in deep 
water in winter. In the winter of 1904-1905 many of this species, about 
a foot in length, were frequently seen dead in Narragansett Bay and 
thrown up on^he shores. This was probably caused by the excessive cold 
of that season. 

Repboduction: Probably spawns in July and August in deep water. The 
eggs are buoyant, enclosed in a ribbon-shaped gelatinous mass about a 
foot wide and 30 or 40 feet long. Young specimens have been found only 
at considerable depths. 

Food: Extremely 'voracious in its feeding habits, swallowing all kinds of 
fishes, including large numbers of its own species. It has been known 
to swallow live water fowl, whence its common name. Dr. Linton foimd 
specimens whose stomachs contained large quantities of mud full of 
mollusca, small Crustacea, and annelids. 

ANTENNAKODi^. The Frog-Fishes. 

176. Pterophryne histrio (Linnaeus). Marbled Angler; Sargassum Fish. 

(Plate VI.) 

Geog. Dist. : Tropical parts of the Atlantic, north to Cape Cod in floating 

masses of gulf weed. A specimen has been taken in Norway from seaweed 

floating in the Gulf Stream. A niunber of specimens have been taken at 

different times at Woods Hole and Nantucket Shoals. 

Season in R. I.: Two specimens were taken in 1904 at the mouth of the 

Sakonnet River, one on September 6, the other about a week later. 
Habitat: Surface of tropical waters, chiefly under floating masses of gulf- 
weed. 
Reproduction : Several specimens in an aquarixim at Woods Hole spawned 
in August. The eggs were in long bands like those of the goosefish. 

This is one of the most interesting of our visitors from southern waters. 
It is usually found swimming under the bits of gulfweed which sometimes 
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drift in from the Gulf Stream in siunmer and autumn during long east and 
southeast blows. This fish furnishes an interesting example of protective 
resemblance. Reference to the illustration given in Plate VI shows the 
mottling of its body and the numerous filamentous appendages attached 
to its skin. This gives them such a resemblance to the gulfweed in which 
they float that they must be very effectively hidden from their enemies. 
With regard to their habits, Smith (The Fishes of Wood's Hole), speaking 
of some specimens in an aquarium at Wood's Hole, says : ** While clumsy 
in their movements they were adepts at approaching and capturing other 
fishes. They are quite cannibalistic and one 6 inches long swallowed 
another 4 inches long, and they frequently bit off the fleshy dermal ap- 
pendages of their fellows." 

As far as is known the two specimens above referred to are the only 
members of this species ever taken in Rhode Island waters. Their pres- 
ence here at that particular time is explained by the following data which 
has been kindly furnished by Mr. W. L. Day, Observer, Weather Bureau, 
Block Island. The direction of the wind during the two weeks previous to 
September 6, 1904, was prevailingly southwest for five days, east for three 
days, south for three days, northwest for three days. The mean velocity, 
moreover, for the two weeks under consideration was greater than the 
average by a difference amounting to about five miles an hour, the normal 
hourly velocity for August and September being 13 miles, and the average 
hourly velocity for the two weeks being 18. Remembering the general 
trend of the Atlantic coast and bearing in mind the fact that Cape Cod is 
less than 100 miles distant from the western edge of the Gulf Stream, it is 
easily seen that the drift of the Gulf Stream and the winds of the direction 
and velocity noted above would imite to form a resultant acting on the 
floating masses of gulfweed so as to drive them northward and into the 
huge ''pocket" formed by the configuration of the southern New England 
coast. 

OGCOCEPHALID.%. The Bat Fishes. 

177. Dlbranchus atlanticus (Peters). 

Geoo. Dist. : Deep waters of the Atlantic; very abundant in about 300 

fathoms; north in the Gulf Stream to Rhode Island. 
Season in R. I. : Very many specimens have been taken in the tile-fish area 
at depths ranging from 100 to 500 fathoms. A single specimen was cap- 
tured off Block Island in 1880. (Goode and Bean, Oceanic Ichthyology, 
1896, 501.) 
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A PARTIAL LIST OF FISHES OBTAINED IN THE GULF 
STREAM SOUTH OF RHODE ISLAND. 



1. Psenes edwardsil (Eigenmaim). 

A single specimen, 90 mm. in length, was taken for the first time about July 
28, 1900, by the schooner Grampus from under a Medusa 30 miles south of 
Newport. (Bull. U. S. Fish Commission, 21, 1901, 35.) 

2. Loiritiolatilus chamaeleonticeps (Goode k Bean). TUefish. 

Geoo. Dist. : Deep water of western Atlantic. Taken in water not less 
than 55 fathoms in depth directly to the south of Rhode Island, in the 
area between 69** and 73** W. longitude and 40° 20^ to 39° 47' N. latitude. 
(Bull. U. S. Fish Commission, 1898, 321.) 

Food: Preeminently a crab eater; there have also been found, in the stomach 
of many specimens, squids, molluscs, holothurians, spiny dogfish, eels, and 
fish bones. 

The following fishes were dredged off the southern coast of New England, by 
the U. S. Fish Commission steamer Fish Hawk, September 1, 1899, 40° N. latitude, 
70° W. longitude. (Bull. U. S. Fish Commission, 19, 1899, 240.) Those marked 
with a * have already been mentioned in the list of Rhode Island fishes given 
above. It is interesting to note their occurrence in the Gulf Stream, as it in 
part explains their occasional presence in Rhode Island waters nearer shore. 

3* Seriola fasciata (Bloch). Range, West Indies to Charleston, S. C. One 
specimen. 

4. *TraehuFop8 crumenophthalmus (Bloch). Range, Atlantic coast of 

United States. Two specimens. 

5. *CarailX crysos i^Mit chill). Hard-tail. Range, Cape Cod to Brazil. One 

specimen. 



Digitized by LjOOQIC 



REPORT *OP COMMISSIONERS OF INLAND FISHERIES. 95 

6. Glossamia pandlonis (Goode & Bean) . Range, deep water cff Chesapeake 

Bay. One specimen. 
7« ^Abudefduf saxatilis (Linnaeus). Range, both coasts of tropical America. 

One specimen. 

8, Balistes vetuia (Linnaeus). Trigger-fish, Range, tropical parts of the 

Atlantic, Gulf Stream to Woods Hole. One specimen. 

9. *Moiiacaiithus hispidus (Linnaeus). FUe-fi^h. Range, Cape Cod to 

Brazil. Several specimens. 

10. Lyeenchelys verrlUi (Goode <& Bean). Range, coast of Massachusetts 

and northward. One specimen. 

11. ♦Merlucclus billnearis (Mitchill). Whiting or Silver Hake, Range, 

coast of New England and northward. Two specimens. 

12. *Helicolenus maderensis (Goode & Bean). Range, deep waters of At- 

lantic coast from New York to Florida. One specimen. 

13. Baja eglanteria (Bosc). Skate, Range, Cape Cod, southward to Florida. 

One specimen. 

14. '"Dibranehus atlanticus (Peters). Range, Gulf Stream. Several speci- 



Note : The following should be added to the List of Rhode Island Fishes: 

178. Lueius retieulatus (LeSeur). Pickerel; Green Pike, 

179. PygOSteus pungithlS (Linnaeus). Nine-spined Stickleback, 

180. Sphyrsena borealls (DeKay). Northern Barracuda, 

181. Micropterus salmoides (Lacdpdde). Large-Mouthed Black Bass. 

182. Perca flavesceus (Mitchill). Yellow Perch. 
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Abramis orysoleucas, 50 
Abudefduf saxatilis, 77, 96 
Achiunifl faaciatus, 01 
Aoipenser brevirostrum. 49 
Acipenser sturio, 49 
AcipenBeridse, 49 
Albula VTilpea, 52 
AlbuUd®. 52 
Alectifl dliaris, 67 
Alewife, 53 
Aiopias vulpes, 45 
Alopidse, 45 
Aiosa sapicUaaima, 54 
Amber-hsh. 66 
Amber-fishes, 65 
Ameiunis nebulosus, 49 
Ammodytes americanus, 62 
Ammodytidse, 62 
Anarhichadidse, 85 
Anarhichas lupus. 85 
Anchovies, 56 
Anchovy, 56 
Anchovy, striped, 56 
Angel-fish, 48, 78 
Angel-fishes, 78 
Angler, 91 
Angler, marbled, 92 
Anguillidse, 50 
Antennariidse, 92 
Apeltes guadracus, 60 
Apogon imberbis, 71 
Archoeargus probatooephalus, 

75 
Arsentinidse, 57 
Atherinidee, 61 
Auxis thazard, 63 

B. 

Balistes carolinensis, 79 

Balistes forcipatus, 79 

Balistes vetula, 95 

Balistidffi, 79 

Banded Pickerel, 57 

Barndoor skate, 47 

Barracuda, 62 

Barracuda, northern, 95 

Barracudas. 62 

Bass, black, 72 

Bass, black, large-mouthed, 95 

Bass, black, small-mouthed, 70 

Bass, sea, 72 

Boss, striped, 71 

Basses, sea, 71 

Bat fishes, 93 

Batrachoididee, 85 

Beleosoma nignmi olmstedi, 70 

Bellows-fish, 91 

Big-eye, 73 

Big-eyed herring, 52 

Big-eyed scad, 66 

Big skate, 47 

Billfish, 58, 69 

Black bass, 72 

Black bass, large-mouthed, 96 

Black bass, small-mouthed. 70, 

Black flatfish, 91 

Black-nosed dace, 60 

Black-winged flying fish, 59 



Blackback, 54 
Blackfish. 78 
Blennidse, 85 
Blennies, 85 
Blue-back, 52 
Blue shark, 45, 46 
Bluefish, 68 
Bluefishes, 68 
Bonito. 63, 64 
Bony fish, 55 
Branch herring, 53 
Brevoortia tsrrannus, 55 
Brook sucker, 50 
Brook trout, 67 
Brosme broame, 89 
Buckie, 63 
Bullhead, 49 
Bull's-eye mackerel, 63 
Butterfish, 70, 86 
Butterfishes. 69 
Butterfly-fishes, 78 
Butterfly ray. 48 

C. 

Carangidse, 65 
Caranx crysos, 67, 94 
Caranx hippos, 67 
Carcharhinus milberti, 45 
Carcharhinus obscurus, 45 
Carcharias littoralis, 46 
Carchariidse, 46 
Cardinal fishes, 71 
Carps, 60 
Catalufas, 73 
Cat-fish, 86 

Cat-fish, gaff-topsail, 49 
Cat-fish, sea, 49 
Cat-fishes, 49 
Catostomids, 50 
Catostomus commeraonii, 60 
Centrarchidse, 70 
Centropri8t«8 striatua, 72 
Cephalacanthidse, 84 
Cephalacanthus volitana, 84 
Ceratacanthus schoepfii, 79 
Cereen, 64 

ChfiBtodipterus faber, 78 
Chffitodon ocellatus, 78 
ChfiBtodontidas, 78 
Cheilodipteridae, 71 
Chogset, 77 
Chub mackerel, 63 
Chub sucker, 50 
Cigar-fish. 66 
Clupea harengus, 52 
Clupeidae, 62 
Cobbler-fish, 67 
Cod, 87 
Codling, 88 
Cods, 86 

Common killifish, 68 
Common mackerel, 62 
Common pompano, 68 
Common sucker, 60 
Conger eel, 51 
Conger eels, 51 
Comet fishes, 60 
Cottidffi, 82 
Cow-nosed ray, 49 



Cow-pilot, 77 
Crampfiah, 47 
CrevaOld. 67 
Crevalld, yellow, 67 
Cunner, 77 
Cuak. 89 
Cutlaa-fish, 65 
Cutlaa-fiahes, 65 
CyclopteridflB, 83 
Cyclopterus lumpua, 83 
Cynoscion regalia, 75 
Cyprinidffi, 50 
Cjrpsilurus furcatua, 59 
Cypsilurus gibbifrona, 60 

D. 

Dace, 50 

Dace, black-nosed, 50 

Daddiy sculpin, 82 

Darter, 70 

Dasyatidffi, 48 

Dasyatis centnira, 48 

Dasyatis hastata, 48 

Decapterus macareUua, 66 

Deacpterua punctatus, 66 

Demoiselles, 77 

Dibranchus atlanticua, 93, 95 

Diodontids, 81 

Dogfish, 46 

Dogfish, smooth, 44 

Dogfish, spiny, 46 

Dogfishes. 46 

Dollar-fish, 67, 68 

Drum, 77 „ 

Drums, 76 

Dusky shark, 45 

E. 

Eagle rays, 48 
Echeneididffi, 84 
Echeneis naucratea, 84 
Echeneis naucratoidea, 84 
Eel. 50 

Eel, conger, 51 
Eel, lamprey, 44 
Eel-pout, 86, 86 
Ell pouts, 85 
Eels, conger, 51 
Eels, rock, 86 
Eels, sea, 85 
Eels, true, 50 

Eighteen-spined sculpin, 82 
Electric rays, 47 
ElopidfiB. 51 
Elops saurus, 52 
EngraulididflB, 66 
Ephippidffi, 78 
Epinephelus niveatua, 71 
Erimyson sucetta, 60 
Esocidxe, 58 
Esoccetidse, 59 
Etrumeus sadina, 52 
Euleptorhamphua velox, 59 
Eupomotis giobosus, 70 
Exocoetus volitana, 59 

F. 

Felichthys felis, 49 
Filefish, 79, 95 
FUefish, PoweU'a, 79 
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Filefishefl, 79 

Fishins-froes. 91 

Fistularia tabacaria, 60 

Fistulariida). 60 

Flasher, 72 

Flatfish. 90 

Flatfish, black, 91 

Flatfish, rusty, 90 

Flounder, 90 

Flounder, four-spotted, 90 

Flounder, rusty, 89 

Flounder, summer, 90 

Flounder, winter, 90 

Flounders, 89 

Fluke, 90 

Flying fiflh, black-winged, 59 

Flying fishes, 59 

Flying gurnard, 84 

Fl3ring robin, 84 

Foolfish. 79 

Four-spined stickleback, 60 

Four-spotted flounder, 90 

Frigate mackerel, 63 

Frog-fishes. 92 

Frost fish. 86, 87 

Fundulus diaphanuB, 58 

Fundulus heteroolitUB, 58 

Fundulus heteroclitUB macro- 

lepidotus. 58 
Fundulus majalis, 57 

O. 

GadidA, 86 
Gadus eallarias, 87 
Gaff-topsail cat-fish, 49 
Galeichthys milberti, 49 
Galeidie,44 
Garfish, 58 
Garfishes. 58 
Gascon, 66 
Gasterosteids, 60 
Gasterosteus bispinosus, 60 
Glossamia pandionis, 95 
Glut herring, 54 
Gooder, 66 
Golden shiner, 50 
Goody, 76 
Goosefish, 91 
Gray snapper. 73 
Great sea lamprey, 44 
Green pike, 95 
Grouper, snowy, 71 
Grubby. 82 
Gurnard, common, 84 
Gurnard, flying, 84 
Gurnards, 84 

H. 

Haddock, 88 

Hake. 88 

Hake, king, 88 

Hake. red. 88 

Hakes. 86 

Hake, silver, 86. 95 

Hake, squirril, 88 

Hake, white. 88 

Halfbeak. 58 

Halfbeaks. 58 

Halibut. 89 

Hammer-head, 45 

Hammer-headed sharks. 45 

Hardtail. 67. 94 

Harvest fish, 69 

Head fishes. 81 

Helioolenus dactylopterus. 82 

Helicolenus maderiensis, 95 

Hemicramphiidse, 58 

Hemitripterus americanus, 82 

Herring, 52 

18 



Herring, big-eyed, 52 
Herring, branch, 53 
Herring, glut, 54 
Herring, river, 53 
Herrings. 52 
Herring, round, 52 
Herring, sea. 52 
Herring, thread, 54 
Hickory shad, £^ 
Hippocampus hudsonius, 61 
Hippoglossoides pLatessoides 



Hippoglossus hippoglossus, 89 
Hog-choker. 91 
Holocentridiae, 62 
Holooentrus ascensionis. 62 
Homed pout, 49 
Horse mackerel. 64 
Hyporhamphus roberti. 58 



Istiophoride. 65 
Isurus dekayi. 46 

J. 

Jack, 67 

Jimiping Mullet. 61 

K. 

KiUifish. 57. 58 
KiUifish, conmion, 58 
Killifishes, 57 
King hake. 88 
King of the mullets. 71 
Kingfish, 64, 76 
Kyphosidse, 75 
KsrphoBUs seotatrix, 75 



Labridse, 77 

Lactophrys trigonus, 80 

Lady-fish, 52 

Lady-fishes, 52 

Lagocephalus Isyigatus, 80 

Lagodon rhomboides, 75 

Lamna comubica, 46 

Lamnidse, 46 

Lamprey eel, 44 

Lamprey, great sea, 44 

Lampreys, 44 

Lant, 62 

Large-mouthed black bass. 95 

Launce, sand. 62 

Leather- jacket, 65, 79 

Leiostomus xanthiunis. 76 

Lepomis auritus. 70 

Leptooephalidse, 51 

Leptocephalus conger. 51 

Limanda femiginea. 90 

Ling. 89 

Liparididce, 83- 

Liparis liparis, 83 

Little sculpin, 82 

Lizzard fisn, 57 

Lizzard fishes, 57 

Lobotes surinamensis. 72 

Lobotidffi, 72 

Long-eared sunfish, 70 

Lookdown. 68 

Lophiidse, 91 

Lophius piscatorius. 91 

LojpholatUus chamsBleontioeps, 

Lophosetta maculata, 91 
Luciidse, 57 
Lucius americanus, 57 
Lucius reticularis, 95 
Lumpfish, 83 



Lump-suckers, 83 
Lutianidse, 73 
Lycenchelys verrilli, 95 
Lycodes reticulatus, 86 



Msckeircl, cumiiiuti» ^2 
Mackerel, frigate. 63 

^fackt^reb, 62 
Muicki^rttl miiui, 60 
Mflcker^l phark, 4ft 
Muckerel Ehurks, 40 
\l nck^rel r ^ p ae 1 1 ;< h . fit 

Man-of-war, Portugueise. fish, 

Marbli^d ah^ler, 92 
MflyfijJi, 57 
MeianoKrammu/a egUSntis. 88 

Menidiii graciliia, 01 
Menid'm iDenidia notato, 61 
MeaiirirrhuEi AtmatUi?;, 76 

MerLucclufi biliiieiiiriA, 36, 95 
MjcroeriMlus (omtM>d, «7 
Microp terns dolomieu, 70 
Mipfifpterufl riaJtiiuiJeii, 95 
Mink, Hea, 70 
MifiPHjw. erpring, 5S 
Mola moia, 81 
Muljil^, SI 
Monacanthids, 79 
Monacanthus hispidus. 79. 95 
Moon-fish, 78 
Morone americana, 71 
Mugil cephalus, 61 
Mugil curema, 61 
Mugilidse, 61 
Mullet, jumping, 61 
Mullets, 61 

Mullets, king of the, 71 
Mullet, striped, 61 
Mullet, white. 61 
Mummichog, 58 
Mustelus canis, 44 
Myliobatidffi, 48 
Myliobatis freminvillei, 48 
Myoxooephalus eneus, 82 
Myoxooephalus grcenlandicus, 

82 
Myoxocephalus octodecimspi- 

nosus, 82 

N. 

Narcobatidse. 47 
Naucrates ductor, 66 
Needle-fishes. 58 
Neomsnis gnseus, 73 
Nine-spined stickleback. 95 
Nomeidse, 69 
Nomeida, 69 
Nomeus gronovii, 69 
Northern barracuda, 95 
Notropis comutus. 50 

O. 

Ogcoeephalidfle. 93 
Old maad. 47 
Oli^oplites saurus, 65 
Opistnonema oglinum, 54 
Opsanus tau. 85 
Osmerus mordax. 57 
Ostraciidse, 80 
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P. 

Palinuriohthys perdformis, 60 

Paraliohthys dentatus, 00 

Paralichthys oblongus, 00 

Parch^. 78 

ParexoccetUB mesogaster, 50 

Peprilus paru, 60 

Perca flavescens, 06 

Perch, white, 71 

Perch, yellow, 05 

Perches, 70 

PercidiE, 70 

Petromyxon marinus, 44 

Petromysonidffi, 44 

Pholis ffunnelluB, 85 

Pickerel, 57, 05 

Pike, green, 05 

Pikes, 57 

Pilot-fish, 66 

Pintano, 77 

Pipe-fish, 60 

Pipe-fishes, 60 

Pleuronectidie, 80 

PoBciliidffi, 57 

Pogonias, cromis, 77 

Poffy, 55 

Pole-fish, 60 

Pollachius virens, 86 

PoUock, 86 

Pomacentridse, 77 

Pomatomidsp, 68 

Pomolobus festivalis, 54 

Pomolobus mediocris, 53 

Pomolobus pseudoharengus, 

63 
Pomotomus saltatrix, 68 
Pompano, common, 68 
Pompano, round, 68 
Pompanos, 65 
Porcupine-fish, 81 
Porcupine-fishes, 81 
Porgies, 73 
Porgy, 73 

Poronotus tricanthus, 70 
Portuguese man-of-war fish, 60 
Pout, nomed, 40 
Powell's filefish. 70 
Priacanthidse, 73 
Prionotus carolinus, 84 
Prionotus strigatus, 84 
Pe^enes edwardsii, 04 
Pseudopleuronectes ameri- 

canus, 00 
Pseudopriacanthus altus, 73 
Pterophryne histrio, 02 
Pteroplatea maclura, 48 
Puffer, 80, 81 
Puffer, smooth, 80 
Puffers, 80 
Pug-nosed shinerj 67 
Pygosteus pungitius, 05 



Raja eglanteria. 05 
Ra^a erinacea, 47 
Ra^a Iffivis, 47 
Raja ocellata, 47 
Rajida*, 47 
Ray, butterfly, 48 
Ray, cow-nosetl, 40 
Ray, sharp-headed, 48 
Ray, sting. 48. 40 
Rays, eagle, 48 
Rays, electric, 47 
Ravs. sting, 48 
Redfin. 60 
Red hake. 88 
Red sculpin, 82 
Remora, 84 



Remoras, 84 
Remora, spearfiah, 84 
Requiem snarks, 44 
Rhmichthys atronasus, 60 
Rhinoptera bonasus, 40 
Rhombpchinis oeteoohir, 84 
River herring, 53 
Roach, 60 
Robin, flying, 84 
Roccus hneatus, 71 
Rock eel, 85 
Rock fish, 71 
Rock fishes, 82 
Rough7dab, 80 
Roimd herring, 52 
Round pompano, 68 
Round robin, 66 
Rudder fish, 66, 60, 75 
Rudder fishes, 75 
Rusty flatfish, 00 
Rust]^ flounder, 80 
Rypticus bistriapinuB, 72 

S. 

Sail-fishes, 65 

Sailor's choice, 75 

Salmon, 66 

Salmon family, 56 

Salmonidie, 56 

Salmo salar, 56 

Salvelinus fontinalis, 67 

Sanddab, 80, 01 

Sand eel, 62 

Sand launce, 62 

Sand launces, 62 

Sand shark, 46 

Sand sharks, 46 

Sarda sarda, 64 

Sargassum fish, 02 

Saurel, 66 

Sauries, 60 

Saury, 60 

Scabbard-fish, 65 

Scad, 66 

Scad, big-eyed, 66 

Scad, mackerel, 66 

Sciaenidff, 76 

Scomber colias, 63 

Scomber scombrus, 62 

Scomberesocidse, 50 

Scomberesox saurus, 50 

Scomberomorus maculatus, 64 

Scomberomorus regalis, 64 

Scombridsp, 62 

Scorpffinidae, 82 

Sculpin, 82 

Sculpin, daddy, 82 

Sculpin. eighteen-spined, 82 

Sculpm, little. 82 

Sculpin, red, 82 

Sculpins, 82 

Scup, 73 

Scup, shiny, 75 

Scuppaug, 73 

Sea bass, 72 

Sea basses, 71 

Sea cat-fish, 40 

Sea eel, 86 

Sea herring, 52 

Sea-horse, 61 

Sea lamprey, 44 

Sea mink, 76 

Sea raven, 82 

Sea robin, 84 

Sea snail, 83 

Sea snails, 83 

Selene vomer, 68 

Seriola fasciata, 04 

Seriola lalandi, 66 

Seriola sonata, 66 



Serranidse, 71 

Shad, 54 

Shad, hickory. 53 

Shark, blue. 46. 46 

Shark, dusky, 45 

Shark, mackerel, 46 

Shark, sand, 46 

Shark-pilot, 66 

Sharks, hammer-headed, 45 

Sharks, mackerel, 46 

Sharks, requiem, 44 

Sharks, sand, 46 

Sharks, thresher. 45 

Shark-sucker. 84 

Sharp-headed ray, 48 

Sheepshead, 75 

SheUfish, 80 ' 

Shiner, 50 

Shiner, golden, 50 

Shiner, pug-no>8ed, 67 

Shiny scup, 76 

Short-nosed sturgeon, 40 

Shovel-nose, 45 

SiluridiB, 40 

Silver hake, 86, 05 

Silverside, 61 

Silversides, 61 

Siphostoma fuscum, 60 

Skate, barndoor, 47 

Skate, big. 47 

Skate, sunmier, 47 

Skate, winter, 47 

Skates, 47 

Skipper, 58 

Small-mouthed black baas, 70 

Smelt, 67 

Smelts, 67 

Smooth dogfish, 44 

Snapper, gray, 73 

Snapper, mangrove, 73 

Snappers, 73 

Snowy grouper, 71 

Sole. 01 

Soleids, 01 

Soles, 01 

Spade-fish, 78 

Spanish-mackerel, 64 

SparidsB, 73 

Spearfish, 65 

Spearfish remora, 84 

Speckled trout, 67 

Spheroides testudineus. 81 

Spheroides trichocephalus, 81 

Spheroides mactilatus, 80 

Sphyrsena borealis, 05 

Sphyrsna guachancho, 62 

Sphyrsenidap, 62 

SphyrnidsB, 45 

Sphj-ma zygsena, 45 

Spiny dogfish, 46 

Spot, 76 

Spring minnow, 58 

Squalidffi, 46 

Squalus acanthias, 46 

Squeteague, 76 

Squirrel fish, 62 

Squirrel fishes, 62 

Squirrel hake, 88 

Stenotomus chrysops. 73 

Stickleback, four-spined, 60 

Stickleback, nine-«pined, 05 

Stickleback, two-spined, 60 

Sticklebacks, 60 

Sting ray, 48, 40 

Sting rays, 48 

Stolephorus brownii, 56 

Stolephorus mitchilli, 56 

Striped anchovy, 56 

Striped bass. 71 

Striped mullet, 61 
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Stromateids, 60 
Sturgeon, 49 
Sturseon, short-noeed. 49 
Sturgeons, 49 
Sucker, 83. 84 
Sucker, brook, 50 
Sucker, chub, 50 
Sucker, common, 50 
Sucker, shark, 84 
Suckers, 50 
Sumnoer flounder, 90 
Summer skate, 47 
Sunfish, 70, 81 
Sun fish, long-ear«d, 70 
Sunfishes, 70 
SweUfiahes, 80 
Swelltoad, 81 
Swins-tail, 45 
Swit^tail, 44 
Swordfiah, 05 
Swordfiahes. 65 
SyKnathidffi, 60 
Synodontidie, 57 
83mo<lu8 foeteus, 57 



Tarpon, 51 
Tarpon atlanticus, 51 
Tarpons, 51 
Tautoc, 78 
Tautoga onitis, 78 
Tautogolabnis adspersus, 77 
Ten-pounder, 52 



Tetranaroe ocddentalis, 47 
TetraodontidiB, 80 
Tetrapturus imperator, 65 
Thread Esh. 67 
Thread herring, 54 
Thresher. 45 
Thresher sharks. 45 
Thunnus thynnus, 64 
Tilefish,94 
Toadfish, 85 
Toadfishes, 85 
Toad-grunter, 85 
Tomcod. 87 
Torpedo, 47 

Trachinotus oarolinus, 68 
Trachinotus faloatus, 68 
Trichiuriidse, 65 
Trachurops orumenophthal- 

muB, 66, 94 
Trachunis traehunis. 66 
Trichiunis leptunis. 65 
Trigger-flah, 79. 95 
Trigger-fishes. 79 
TriSdffi. 84 
Triple-tail, 72 
Triple-tails, 72 
Trout, brook, 57 
Trout, speckled, 57 
Trumpet fish, 60 
Trunkfish, 80 
Trunkfishes, 80 
Tunny, 63, 64 
Two-spined stickleback, 60 
Tylosurus marinus, 58 



U. 
Urophyois chuss. 88 
Urophycis regius, 88 
Urophyois tenuis, 88 



Vomer setipinnis, 67 

W. 

Weakfish. 75 
Whip-tail. 45 
White hake. 88 
White mullet, 61 
White perch, 71 
Whiting. 86, 95 
Window-pane. 91 
Winter floxmder, 90 
Winter skate, 47 
Wolf fish, 85 
Wolf fishes. 85 
Wrasse-fishes, 77 

X. 
Xipihas giadius, 65 
Xiphids, 65 

T. 
YeUow crevaUtf, 67 
YeUow Perch, 95 

Z. 

Zoaroes anguillaris, 85 
Zoaroids, 85 
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THE COMMON FISHES OF THE HERRING FAMILY. 

PLATES VII TO XII. 



HENRT C. TRACY, A. M. 

BROWN UNIYSR8ITT, PKOTIDENCB, R. I. 



The fishes of the herrmg family common m Rhode Island waters 
are the herring, the hickory shad, the alewife, the glut herring, the 
shad, and the menhaden. The shad (Plate XI) and the menhaden 
(Plate XII) are so well known as to require no description, but I 
have found by conversations with fishermen and others that con- 
siderable uncertainty exists as to the identity of some of the other 
more closely related species. The reason why the herring is not 
better known is doubtless due to the fact that its numbers in Rhode 
Island waters are so small that its capture is of little importance. 
The alewives are generally properly distinguished, but the fact that 
there are two distinct species of them does not seem to be generally 
known. This is due, probably, to the fact that the two species are 
so very much alike that special care is necessary to separate them; 
and as the market is good for both under the name " alewife, " there is 
no necessity for distinguishing them. The following description of 
these species is given in order to make clear the differences be- 
tween them. 

The true herring (Plate VII), sometimes called the sea herring or 
English herring, is probably the most important of all food fishes. It 
ranges along the North Atlantic coasts of both Europe and America 
in immense schools covering many square miles, and from which 
are captured every year thousands of millions of fishes. Its south- 
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ward limit of range on the American coast is Cape Hatteras, though 
its numbers south of Cape Cod are so far diminished as to make its 
capture in these waters of little importance. At Eastport, Me., 
the yoimg are canned in oil and sold under the name of "sardines." 
The true sardines, however, come only from France and are the young 
of the "pilchard," another member of the herring family which does 
not occur on our coast. 

The true herring never spawns in rivers, but in shoal water in 
certain localities along the Atlantic coast from Newfoundland to 
Block Island, when the water reaches temperatures between 47° and 
57°F. Some schools spawn in the spring, others in the fall; but the 
spring schools spawn almost exclusively to the east of the Bay of 
Fundy, and the fall schools entirely to the west of that place. 

It is readily distinguished from the other members of the herring 
family by the following points: Its body is long and slender, and 
compressed; it has teeth on the roof of the mouth and no sharp saw- 
tooth-like edge on the ridge of the belly; the distance from the pectoral 
fins to the ventral fins is greater than the distance from the ventral 
fins to the anal fin. 

The other three species of the herring family under consideration, 
namely, the hickory shad (Plate VIII), the alewife (Plate IX), and 
the glut herring (Plate X), differ from the true herring and agree with 
each other with regard to the following points: Their bodies are 
not elongated, but are somewhat oval in shape; they have no teeth on 
the roof of the mouth; they have a very sharp saw-tooth edge on the 
ridge of the belly; and the distance between the pectoral fins and 
ventral fins is about equal or less than the distance between the 
ventral fins and the anal fin. This difference in distance between 
the fins will be easily seen by reference to the plates. 

The hickory shad (Plate VIII) is distinguished from the alewife and 
the glut herring as follows: The form of its body is nearly oval and 
less heavy forward than is the case with the two other species; its 
head is longer and more slender; its lower jaw is also more projecting. 
There is a row of large dark spots on the upper forward part of the 
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body, as will be seen by reference to the illustration. The alewife and 
glut herring both have short thick heads, and their bodies are heavier 
forward. They are very similar to each other, and can best be 
distinguished by cutting open the body cavity; the lining membrane 
in case of the alewife is pale or gray in color , while it is black in the 
case of the glut herring. The fins are lower, also, in the glut herring, 
the eyes are smaller, and the body more elongated. 

Other names for the alewife (Plate IX) are the "river herring," 
the "buckie," and the "branch herring." Both the alewife and the 
glut herring run up the rivers in the spring to spawn like the shad. 
The herring never does so, and the hickory shad probably does not. 
The glut herring appears two or three weeks later than the alewife, 
coining in great numbers all at once. This fact, because of its 
"glutting" the markets, probably is the reason of its name. Its 
rim does not last as long as that of the alewife. It is supposed not 
to go as far up the river, probably spawning not far above tide water. 
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P 

V. A Continuance of the Survey of the Shores of the Bay, 
FOR THE Purpose of Determining those Portions Which 
ARE Most Productive of Seed Clams, Those Most Favor- 
able FOR THE Planting of Clams and for the Distribu- 
tion OF Lobster Fry. 

Considerable progress was made during the past year in collecting 
<lata regarding the character of the shores of Narragansett Bay. 
A systematic survey was begun, charts of selected portions of the 
shore-line were made, on which were indicated all data regarding 
the character of the shore and facts regarding the presence of animal 
and plant life. Records of the water temperature and density were 
made in each section, and offshore dredgings and the collection of 
tow were systematically carried out. These charts were put on file 
and will be worked into a permanent chart of the whole Bay. The 
notes made and the specimens collected will be worked up as time 
allows, and will form the basis of a complete biological survey of 
the waters of the Bay, parts of which are already appearing in the 
previous section of this report. 

It will require considerable time to cover in such a thorough manner 
the extensive and varied shore-line of Narragansett Bay, especially 
when we consider the limited amount of time which can be spared 
from the other routine work for this purpose. The value of the work, 
however, is evident. Already there have been many species of 
animals found which were not known to occur in Rhode Island 
waters. The data regarding the distribution of the clam and the 
clam set, which were collected at the same time, are alone worth the 
trouble and expense of the undertaking. 

The following shores were thoroughly investigated this summer: 

Mill Cove (including shores of Cornelius and Rabbit Islands) . 

Fishing Cove. 

The shore from Sauga Point to Quonset Point. 
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Quonset Point north to Allen's Harbor. 

Rocky Point to Conimicut Point. 

Conimicut Point to Pawtuxet (including Greene's Island). 

Bullock's Point to Nayatt Point. 

Prudence Island. 

Patience Island. 

Kickemuit River. 

East shore Sakonnet River south to Sapowet Point. 

Upper west shore of Conanicut Island. 

Places dredged in addition to above: 

Wickford Harbor. 

Poplar Point, Cold Spring Beach. 

Off Vial's Creek. 

Plum Beach Shoal. 

Dutch Island Harbor. 
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VI. The Continued Investigation of the Life History of the 
CiiAM. Methods of Artifical Propagation and Cultiva- 
tion. 

During the season of 1905 little was attempted in the artificial 
propagation of the soft-shell clam, owing to the remarkable abundance 
of the natural supply. The number of clams on the shores of the 
Bay has not been so great for many years. Whereas in past years 
the distribution of the clams has been uneven, some localities being 
thickly set while others close by were practically barren, this year 
the entire shores of the Bay are covered with clams. Places which 
were good clam territory in the memory of the oldest inhabitant, but 
which for many years have been barren, have taken part in this 
general revival. Owing to the great abundance of clams every- 
where, the size attained was not very great. The clams were so 
crowded together that they could not attain full size. This fact 
necessitated, in spite of the great abundance of clams on our own 
shores, the shipment of clams from other States to supply the great 
demands of our shore resorts. 

These abundant native clams are mostly from the set of 1904, 
which, as described in the report for that year, were so abundant 
that in one locality 4,264 were found in an area of one square foot. 
This year the search for new set was thoroughly conducted, but, as 
will be seen in the table at the end of this section, with practically 
no result. Clam set was unusually scarce this year. 

Owing to the great abundance of clams it was a common sight to 
see a number of diggers come week after week to the same piece 6f 
shore and carry away anywhere from two bushels to a barrel each. 
The result of this continual digging over of the shores in one spot 
was forced upon our attention continually, and brings up the question 
of the effect of digging on the size and number of clams. 

It is the common opinion of the clammers that digging over the 
clams stimulates growth. The idea which they seem to have is that 

14 
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the loosening of the earth about the clams is as good for them as it 
is for a hill of com or potatoes. The fallacy in this argument is in 
the supposition that the clam draws its nourishment from the soil 
in which it grows, as is the case with the com or potatoes. As a 
matter of fact the food of the clams is the microscopic life in the 
water, and can be secured only when the clam bed is covered with 
water. 

In reality the effect of digging over the clams is many-sided. To 
illustrate, by two examples: On Comelius Island, in Wickford 
Harbor, the clams set extremely thick in 1904. A portion of the 
shore was set aside by the Commission for purposes of experiment, 
and was not dug over at all. Alongside this protected area the shore 
has been visited almost daily by the clammers. In the protected 
area the clams were so thick at the time of setting that there was not 
room for the growth of all of them, and so, as they increased in size, 
many were forced out upon the surface, so that in a short while 
the ground was thick with shells. The ice carried off many of the 
small clams in winter, and the gulls and black ducks destroyed many 
more; but still they were so abundant that there was no opportunity 
for growth, and their size has increased but little, averaging now but 
a little over an inch. 

In the area alongside, where the clammers have been digging 
almost daily, the clams are two or three inches in length, and many 
barrels have been taken out of this rather limited area. The soil is 
similar in the two localities, the currents of water striking the two 
about equal in strength; the only difference has been that in one the 
soil has been dug over continually, in the other not at all. In this 
case certainly the advantage is with the well-dug-over area. And 
yet, on the other hand, the new. set of the present year is found 
among the thickly populated area of the protected portion, and 
hardly at all in the portion disturbed by digging. In the latter 
locality the young clams were unable to set because the upper layers 
were made so loose and shifting by the continual digging, or if they 
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did set, they were immediately covered over so deeply by the diggers 
that they were destroyed. 

Another case in point was observed at Greene's Island. On the 
east shore of this island is a long flat which in 1901 was set so thickly 
with clams that 7,910 were counted in a single shovelful. In 1902 
and 1903 the clams from this set were abundant, and the shore was 
dug over continually by clammers. In 1904 the clam set was good 
on this area, though less abundant. In 1905, however, there were a 
few large clams, but not a single clam from the set of 1904, which 
was SO abundant, as noted above, on evety other shore in the Bay. 
The cause of this is not difficult to see. The constant digging had not 
only buried the young clams so deeply that they were destroyed, but 
had left the upper layers of soil loose and shifting, and no clams can 
set under these conditions. In this case, then, the constant digging 
has practically exterminated the clams. 

So we must be careful about concluding as to the results of digging 
over a clam bed. It will be recalled that almost every shore has a 
good set occasionally, and then for a few years there seems to be no 
new set. When the clams become quite scarce again, and digging 
ceases for a while, the set appears again. 

Summing up, then, the apparent conditions caused by digging over 
the clams, we find that continual digging may be beneficial to a 
clam bed by thinning out a too thickly set area and thus promoting 
more rapid growth in those that are left; but that, on the contrary, 
continual digging is prejudicial to a new set of clams. A sort of 
rotation of areas, then, would seem to provide the ideal condition, 
allowing certain undisturbed shores to start a good set, while others 
are being dug over; and then, by changing the areas, provide for a 
new set on the exhausted territory. That the conditions maintained 
above seem to hold throughout the Bay is shown by the facts brought 
out in the table below : 
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CONDITION OF CLAM GROUNDS VISITED IN AUGUST AND SEPTEMBER, 1905. 



LOCALITY. 


Set IN 


Ths Sxzb and Aocndakck 

OP THE SbT of 1904. AB 

Obsebvbd in 1905. 




1904. 


1905. 


Size. 


Abundance. 


Academy Cove, Wickford 


Extremely thick. . 

Very good 

Poor 


Scant 

None 


Small 

Undersized. 


Thick. 


Bullock's Point 


Thick. 


Buttonwood's Shore 




Conaniout, west shore 


Good 


Few 

Few 

Few 

None 

Few, 

Scattering.. 
None 


Undersized. 

Fair 

VerysmaU.. 

Fair 

Fair 

Fair 


Good. 


Cold Spring Beach 


Fair 


Good. 


ComeUus Is. (S.W. Pt.) 

Cornelius Is. (elsewhere) 


Extremely thick. . 
XTiick 


Elxtremely 

thick. 
Good. 


Duck Cove 


Good 


Good. 


Fi^hfng Cove 


Good 


Good. 


Greene's Is. (east shore) 


None 


None. 


Ki<^kemuit (went b^nd) 


Very good 

Mef«i^ 


Scattering.. 
Scattering.. 

Few 

Few 

Scattering.. 

Few 

Few 

None 

None 

Few 


Undersized. 

Good 

Fair 

Fair 

Good 

Fair 

Good 

Undersized. 
Undersized . 
Undersized. 


Very good. 
Fair. 


Kickemuit (elsewhere) 


Little Tree Pt. to Scragg Rock 

Mill Cove, south shore, Wickford.. . 
Mill Cove, west shore, Wickford. . . . 


Occasionally good. 

Very good 

Fair 


Occasionally 

good. 
Good. 

Fair. 


Mill Cove, north shore, Wickford. . . 


Good 


Good. 


Poplar Point 


Good 


Good. 


Prudence Is. (east shore) 




Good. 


Prudence Is. (west shore) 


Good 


Good. 


Patience Is. (east shore) 




Good. 


Pawtuxet 


Good 




Quonset Pt. to Greenwich Bay 


Good 


None 


SmaU 


Good. 


'Riiirmt.inlr Pt. (waaO 


Poor 




Sakonnet River (upper east shore) . . 




Few 

Few 

Few 


Fair 

(Jood 

Rather smaU 


Good. 


Sauga Point. ... ... 


Good 


Good. 


Sheep Pen Cove 


Good 


C3ood 


Vial's Creek 


Good 




Village Cove. Wickford 


Good 



















Your Commission is continually called upon to give information 
and instruction as to the methods worked out by them of successfully 
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propagating clams on a commercial scale. Although, owing to the 
{>eculiar conditions regarding shore rights, it is impossible for in- 
dividuals in this State to secure land for this purpose, yet in other 
States this is possible, and several such attempts are at present in 
progress. These will be reported on more fully at some later time. 
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VII. The Efforts to Prevent the Illegal Taking of Short 

Lobsters. 

Two deputies are still employed by your Commission to enforce 
the lobster laws. Even though it is impossible to detect and punish 
every offender, yet the results obtained entirely justify the efforts 
in this direction. Undoubtedly the influence of this line of endeavor 
has resulted in saving great numbers of short lobsters and egg lobsters. 
Out of the large number of lobsters received from Nova Scotia during 
the year, 5,170 short lobsters were seized and liberated in Rhode 
Island waters. 



The following table indicates the prosecutions and fines made un- 
der the Lobster Law in 1904 and 1905. 



Date. Name. 

1 


1 
Location, i Shorts. 


Egga. 


Unmarked oars. 


Case. 


Amount. 


Total. 
1004.. . 






66 


9 




Settled..... 


tl76 


1 






, 


1 


1906. 
May 23... 

May 23.. . 
JuLv 7 


G. Franks 

R. G. Burdlck.. 


Narracanaett 
Pier 

Narracansett 
Pier 


9 




Unmarked cars. . 
Unmarked cars. . 


SetUed. . . . 
SetUed 


$65 
20 


76 






Not settled. 
SetUed.... 


375 


July 16... 


J. Parris 


Jamestown . . 


18 






90 








Total. 
1905 






102* 




1 


S550* 




i 


1 







*One case involving 76 short lobsters and a fine of $376 is not yet settled. 
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VIII. The Propagation of Lobster Fry for the Purpose of 
Increasing the Supply of Lobsters in the Waters of 
THE State. Methods of Artificial Propagation and 
Cultivation. 

LOBSTER CULTURE IN 1905. 



BY EARNEST W. BARNES, 

AB8ISTANT 8UPERn«TENDENT OF THE WICKTORO EXPERIMENT STATION. 



The first mature lobster eggs were scraped into a hatching bag 
about noon on the 2 1st of May, and by 1 P. M. of the same day nearly 
all had hatched. These eggs were obtained from one egg lobster, 
and no more lobsters with mature eggs were found till the 24th. The 
hatching then proceeded quite rapidly. The last lot of eggs was 
hatched on the 21st of July. By August 1st all the fry had reached 
the fourth stage, except a few weak undersized ones. Consequently, 
after a continuous run of 71 days, the engine was shut down and the 
season closed. The work usually closes by the middle or last of 
July, and it is quite remarkable that the season should last till the 
first of August. 

The weather conditions throughout the season were very good. 
The absence of any bad storms and the many bright warm days made 
the season one of the best the station has had. 

Among the improvements which were installed this year are the 
following: 

WINDOW IMPROVEMENTS. 

Instead of covering the windows with scrim, a copper wire netting 
of twenty meshes to the inch was used. To prevent its becoming 
broken by the frequent bending which is apt to occur in the handling 
of the bag, it was mounted in a wooden frame, and this was fastened 
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to the edge of the canvas about the window. The screening was a 
decided improvement over the scrim windows used in 1904, as it 
allowed better circulation and was not so overgrown with diatoms. 
It is probable that the fry obtained much of their fuzzy growths from 
the overgrown scrim windows. 

ADJUSTMENT OF THE REARING BAGS. 

Improvements were further made in the handling of the canvas 
bags. The vertical gas pipes which kept the bags down in the water 
in previous years were discarded, and a haul-down post of 4 x 4 hard 
pine was bolted into the comers of each pool. A hole was gouged out 
in the lower end and a rope run through and spliced so as to leave a 
free end. This end was fastened to the comer of the outer square 
bottom-frame, which was of gas pipe as before. The top of the bag 
was held up by ropes passed through the comers and the middle of 
the sides. The bottom was pulled down by the haul-down ropes. 
This method proved very satisfactory. 

A small float for washing the bags was made, which was very 
convenient and useful. (Plates XIX, XX, XXI.) 

PLUGGING THE LOBSTERS. 

Various methods were tried for preventing the egg lobsters, when 
placed in cars, from fighting. Plugging, as commonly employed by 
the fishermen, was found to be the best method, and the injury 
caused the lobster was of no importance. The plugs were removed 
when the lobsters were liberated. 

BREAKWATER. 

The idea of using deep lobster cars for a breakwater to the hatching 
bags was tried and proved very successful. Most all waves and 
swells were effectually broken by them. 

HATCHING CRATES. 

Very few eggs were scraped from the lobsters this year. The 
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hatching of the eggs while still on the mother can not be improved 
upon by artificial means; therefore it was found more satisfactory to 
confine the lobsters whose eggs were ready to hatch in flat crates, 
three feet square and four inches deep, made of lathes about one inch 
apart (Plate XXII). These were then placed in the rearing bags 
and removed as soon as a sufficient number of fry was obtained in 
the bag. The injury caused to the fry from being thrown by the 
current against the crates was prevented by allowing the crates to 
float with the current. They were, however, loosely fastened around 
the paddle shaft so as to prevent them from knocking against the 
sides of the bags. The hatching crates were used for two different 
purposes. First to prevent the loss from eggs collecting in a mass 
at the bottom and spoiling; second, to keep the age of the fry in a 
bag within a certain limit, depending on the length of time the crates 
are kept in the bag. 

REGULATION OF THE CURRENT. 

The use of the copper screening for the windows necessitated a 
different adjustment of the angle of the paddle in order to produce 
a proper current. A current just sufficient to keep the food and the 
lobsters suspended in the water was found to be best. It was 
further observed that the proper adjustment of the paddle, and 
consequently the current, kept the fry reasonably free from growths 
of diatoms, fungi, etc., prevented the windows from becoming 
clogged with food particles and lobster casts, and improved the 
condition of the bag in general. 

SHADING THE BAGS. 

Shading the rearing bags was also tried, but as yet no positive 
results have been reached. The records show a slight lengthening 
of the third stage in the lots shaded. This may not be caused, 
however, by the shading. 

15 
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SUBCMART OF RESULTS. 

To briefly summarize the results, it may be said that as many 
fourth stage lobsters were reared during the summer of 1905 as in 
all the previous years combined. Over 103,000 lobsterlings were 
counted out of the rearing bags. The estimation which is usually 
made, that one fourth stage lobster is equivalent to 1,000 in the first 
stage, would make the results of the season's work equal to turning 
over of 103 million newly hatched fry. 

The percentage from individually coimted lots carried through 
from the first to the fourth stage sxirpassed that of all other years for 
similar numbers. In 1901, 50 per cent, was obtained from a coimted 
lot of 1,000 fry, all of which were at least two days old. This season 
48.2 per cent, was obtained from 20,000 which were coimted out just 
after they had hatched. A nimiber of lots gave a percentage of over 
40. These results were obtained in spite of the fact that a great deal 
of attention was turned from the regular work of rearing to various 
lines of experiment. 

LIBERATION OF TAOOEO LOBSTERS. 

The total number of tagged lobsters (Plate XXV) liberated in 
1905 was 385. Sixty-two of these were caught and the tags returned. 
Page 115 contains a table giving the data in regard to them. It is a 
rather significant fact that 13 of these were caught in the first seven 
days of freedom. One was caught within 24 hours, after having 
travelled a distance of four miles. Another lobster, liberated at 
the same time, travelled 11 miles in five days. It is further to be 
noted, because of its bearing on the question as to how soon the 
lobsters molt after their eggs hatch, that one tagged lobster was 
captured after having been free for 59 da3rs. The egg lobsters 
retained in the cars at the Station do not, as a rule, begin to molt 
earlier than the last of August. 
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2D31 
2029 
2036 
3029 
2D4S 
2062 
2071 
2076 
2078 
2079 
2008 
2020 
2039 
2041 
2048 
2068 
2002 
2012 
2022 
2176 
2183 
2090 
2008 
2162 
2096 
3068 
3093 
3082 
3046 
3043 
3064 



Li:BSXATliP. 



Locality. 



MmCov«, Wickford., 



Mount Hope Bay 



Date. 



June 13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
14 
22 
22 
22 
22 
22 
22 
22 
22 
22 

July 13 
13 
13 
13 
13 
13 



Rsoji,FTl:rHsl>. 



Locality^ 



DutGh Inland HArbor. 

WirJcford Light 

Cold Spring Rook- . . ^ . 

Wickford Light 

LittiBTrae Faint 

Fox Island 

Narraganaett Pier 

Two Brothers Rock. . 
Black Rock 

Fox Island 

Wickford Light 

Fox Island 

Little Tree Point 

Wickford Light 

Poplar Point 

Little Tree Point 

Fox Island 

Whale Rock 

Below Dutch Island.. 

Narragansett Pier 

Poplar Point 

Below Dutch Island.. . 
Bristol Ferry 

S. W. Prudence Island 
Bristol Ferr>' 



July 
June 



July 
June 
July 

June 



Dute. 



July 
June 
Aug. 
July 
Aug. 
July 

Aug. 
Aug. 



July 
Aug. 



i 




tN 


*s 


1 
'8 


i 


1 
i 


s 


z; 


Q 


18 


6 


7 


1 


3 


u 


7 


1 


e 


2 


9 


3 


29 


12 


11 


1 


12 


2* 


8 


2* 


6 


3 


2 


1 


6 


3 


8 


2 


8 


2 


8 


2 


6 


1 


9 


1 


6 


2 


42 


3 


10 


m 


59 


7 


20 


12 


10 


1 


59 


7 


30 


4 


30 


4 


31 


4 


7 


8 


7 


8 


20 


4 



I 



B. EL 
S. E, 
3. E. 

a. E. 

S. E. 
S. E. 
S. E. 
E.S. E. 
N.ofE. 
N. ofE. 
S. K 
S. E. 
S. E. 
S. E. 
S. E. 
S. E. 
S. E. 
S. E. 
S. E. 
S. E. 
8. E. 

.E. 

.E. 
S. E. 
S. E. 
S. W. 
S. W. 
S. W. 
S. W. 

s. w. 
s. w. 
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Records of Taoobd Lobsters. — Concluded. 



1 



3226 
3109 
3152 
3165 
3157 
3222 
3252 



3097 
3111 
3166 
3312 
3236 
3301 
3253 
3275 
3221 
3272 



LlBKRATSD. 



Locality. 



Date. 



RSCAPTUBKD. 



Locality. 



Date. 



North of North Point. . 



North of North Pt., Ck>nanicut 



Wickford Harbor. 



Plum Beach 

Below Dutch laland. . 



Rose Island 

Narragansett Pier. . 



15 f '.ould Island. 



.1 



15 
15 
15 
15 
26 
26 



Rose Island 

Greene's Ledge, Hope 
Island 

Greene's Ledge, Hope 
Island 

Rose Island 



July 
Aug. 



July 



Aug. 



Boat House Point.. 

Dutch Island 

Plum Beach 



Wickford Light.. 



8. W. 
8. W. 

8. W. 
8. W. 
8. E. 
8. W. 
8. E. 
8. E. 
8. E. 

N. 

N. 

S. E. 

8. E. 
8. K 
8. E. 
8. E. 
8. E. 
8. E. 



Number liberated 386 

Number tags returned with date of capture 49 

Number tags returned without date 13 

Number caught first day after liberation 1 

Number caught first week after liberation 13 

Greatest number of days free 59 

Fastest travel. No. 3225 4 miles in 1 day. 



SHORT LOBSTERS. 

There was a greater number of small lobsters caught iast season 
than there has been before for a great many years. It is quite sig- 
nificant that this reported increase in number comes almost entirely 
from that part of the Bay where the Commission has liberated its 
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fourth stage lobsters. Because of its nearness, the region about 
Conanicut Island has received the greater part of the output in the 
past years. Walter H. Munroe, who sets lobster pots along the west 
shore of Conanicut, reports that during the past year he very seldom 
pulled in his pots but that four or five small lobsters would slip out 
between the slats. At Dutch Island Harbor, somewhat near the 
central part of the island, the lobsters under nine inches are so 
numerous that the lobster deputies have had considerable difficulty 
in preventing their sale. It is the common opinion that, in spite 
of their vigilance, barrels of "shorts" have found their way into the 
market from this place. The two deputies are very much handi- 
capped in their efforts by having such an extensive shore to cover, 
especially considering that their only means of getting to the pots is 
in what boats they can get on the nearest shore. The great number 
of small-sized lobsters looks very promising for the future supply 
of lobsters in Narragansett Bay, and extremely encouraging for the 
scheme of rearing used at Wickford. 

RECORDS. 

A careful record of each lot of lobsters, with conditions under 
which they were reared, was made and filed in a card catalogue. 
From this catalogue the following tables are taken: 
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LBNOTH OF LARVAL STAGSS IN 1905.* 



Begun. 



Ek&ded. 



Tbmpbkatubb. 



Extremes. 



Averace. 



NuMBBB OF Days nr Dif- 
FBBBMT Stages. 



First 
Stase. 



Second 
Stase. 



Third 
Stace. 




1 

2 

3 

5 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

25 

26 

27 

28 



May 
May 

May 
May 

June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
July 
July 
July 
July; 



21 

24 

24 

26 

5 

5 

7 

9 

10 

12 

16. 

19 

21. 

21. 

25 

28 

29 

29 

29 

6. 

7. 

9. 

11. 



June 13. 
June 13. 
June 19. 
June 23. 
June 19. 
June 27. 
June 26. 
June 26. 
July 1. 
June 29. 
July 1. 
July 5. 
July 7. 
July 11. 
July 6. 
July 10. 
July 12. 
July 13. 
July 13. 
July 19. 
July 19. 
July 24. 
July 24. 



53-56 

54-56 

52-70 

52-70.5 

54-77 

54-77 

54-77 

54-77 

60-77 

60-77 

62-77 

61-77 

61-77 

61-79 

61-77 

61-79 

64-79 

64-79 

64-79 

66-82 

69-82 

69^2 

69^2 



57.4 

57.6 

60. 

61.3 

63.3 

64.8 

65. 

65.9 

66.8 

67. 



70. 

60. 

70.7 

71. 

71.2 

71.4 

74.4 

76. 

74.4 

75.1 



12 
9 
9 
7 

7 
7 
7 
6 
6 
5 
5 
4 
5 
4 
5 
5 
5 
5 
5 
5 
4 
4 
4 



n 
i» 
i» 

18 
15 

17 
16 
1« 
14* 
18- 

la 

12 
13 
14 
11 
11 
13 
11 
11 
12 
10 
11 
10 



The aveace number of days in the first stage was 5 and ranged from 4 to 12. 

The average number of days in the second stage was 3 and ranged from 2 to 6. 

The average number of days in the third stage was 4 and ranged from 4 to 6. 

The average number of days to reach fourth stage was 13.8 and ranged from 10 to 21. 

*It must be borne in mind that the different lots were subjected to different oonditiont 
which may have had an equal or greater influence than the temperature in regulating the 
number of days in the various stages. 
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LIBERATION OF FOURTH 8TAGB LOBSTBBS, 1905. 



Data. 


LooaUty. 




Character of Shore. 


•June 13. . 


East Poplar Pcnnt. 


400 

8.000 

9.000 

200 

16.000 

10.000 

10.000 

16.000 

12.000 

20.000 

6.000 


Rocky. 


June 26.. 


Tiittlft TriH» Point 


Rocky. 


Hjane 27. . 


EMt Poplar Point 


-June 28. . 


Wiokford Cove 


Muddy bottom. 


July 6.... 
July 11... 
July 13... 

July 18... 
July 17... 

July 21... 

July 20... 


Point Judith Pond. Billinga' Cove. 
Warwick Neck, below Rocky Point 
Portnnouth. 


Stony, Ui^t seaweed. 

Rocky. 

Ro<^y. rockweed. 


Ki<fkfflnuit Rirm*. , . 


Ro<^y. rockweed. 


Cooanieut Island 


Rocky ledge, rockweed below. 


Pntoh Iri#^d Harbin*. 


Muddy bottom. 
Muddy bottom. 






Total 
Uaedfore 


liberated 


100.600 
2.072 




xTHninumtA] numofma. etc 










1 


'otal counted out. 


103.672* 









•Xhis numbor ia that of the fourth Mag* lobsten actually oountad. In ad<fition to thsM 
than mn many first, aaoond and third stacs lobatars praaarred for atudy, and soma fourth 
Jo b a t a ia wara libarated in tlia oore by aooidsnt to tlia l>ags. 



Total Number of Fourth Stage Lobsters Beared Each Year Since 1900. 

1900 3,425 

1901 8,974 

1902 27,300 

1903 13,500 

1904 50,597 

1905 103,572 

Total 207,368 
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METHODS OF PEOTECTING AND PEOPAGATING THE 

LOBSTER, WITH A BRIEF OUTLINE OF ITS 

NATURAL HISTORY. 



PLATES XIII TO XXIX and XXXVI. 



BY EARNEST W. BARNES. 

ASSISTANT SrPEBINTKNDENT OF THB WICKFOBD SXPUIMXNT STATION. 
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INTRODUCTION. 

The success in lobster culture attained by the Commission of 
Inland Fisheries, at their Experiment Station at Wickford, is one of 
those few remarkable successes in artificial marine culture which 
have been reached through a long course of slow and, at times, 
disheartening experiments. The ordinary method employed in the 
artificial propagation of fishes, the mere hatching the ^gs, has been 
of little avail in the case of the lobster. Its failure may be stated, 
briefly, as due to two causes: The first and most importtot of these 
is the slow growth of the lobster, the length of time required to reach 
maturity and propagate itself naturally; the second is the prolonged 
period of larval helplessness. 

If we leave out of consideration the helpless larval period we find 
that the lobster in its natural state is not materially handicapped 
in its struggle for maintenance, except in the particular fact of its 
slow growth. With reference to the natural advantages it might be 
stated that its life on the sea bottom, together with the instinct of 
hiding in burrows in the mud or under rocks, affords much better 
protection than fishes seem to possess. Besides, there is perhaps no 
external part, unless it is the eye, which can be lost or injured without 
the lobster being able to replace it. The loss of a fin or the upturning 
of a few scales will often be sufficient cause for the death of a fish. 
The lobster also has the advantage of having its eggs more surely 
fertilized and afterwards cared for by the parent until hatched. The 
eggs of most fishes are thrown into the water, and depend on chance 
fertilization and favorable circumstances for their fostering. But 
against the human foe the lobster is powerless, and there has been 
a rapid decrease in their abundance since there was a demand for 
them in the market. 

Because the lobster possesses, in a high degree, natural advantages 
for protecting itself, except in its larval helplessness, it seemed 
necessary to adopt some measure of rearing them through this latter 
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Plate XIII.— An adult female lobster in "' berry," so called, or bearing the egg-clusters under the 

tail. (Photograph from life.) 



Digitized by LjOOQIC 



Digitized by LjOOQIC 



REPORT OF COMMISSIONERS OF INLAND FISHERIES. 123 

period. For more than a decade experiments were pushed with 
vigor by the various States, the United States Government, and also 
by European governments. The many difficulties, however, pre- 
vented success till 1900, when the honor of having offered the first 
and, up to the present time, the only solution of the problem was 
won by the Rhode Island Commission at Wickford. It has taken, 
nevertheless, since the discovery of the principle, five years of slow 
and tedious experiments to develop the scheme to the point where 
it is practical and economical. 

Fifty per cent, in round numbers (48.2 per cent, actually) have been 
reared from the first to the fourth stage in lots of 20,000. It is in 
this stage that the fry commence to burrow and are, therefore, more 
able to care for themselves. These figures will be appreciated when 
it is recalled that the best result in Europe was 6.6 per cent., starting 
with 1,500 fry in the second stage; and in this country 21 per cent., 
from an estimated 3,000 fry in the first stage at Woods Hole. 

For the benefit of those who are interested in the practical side 
of lobster culture, and who may not have followed the development 
of the plan as given in previous Reports, a brief consideration of the 
lobster culture work is here given, which, while it does not pretend 
to be more than an outline of the subject, yet will go somewhat into 
detail concerning the methods used at Wickford. 

I. Natural History of the Lobster. 

1. Distribution. 

The American lobster is found along the Atlantic coast from 
Labrador to Delaware. It attains its largest size and is most abun- 
dant in the northern half of this range (Nova Scotia and Maine). 
It is found in all depths up to 100 fathoms. In deeper water than 
this it is very rarely found, though sometimes reported from fishing 
banks farther off shore. 
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2. Natural Home and Migraiions, 

The character of the shores where the lobster lives varies from 
rocky and precipitious to sandy or muddy. During the winter the 
lobsters probably retreat to deeper water and burrow in the mud, 
since the fishermen find it necessary to gradually move their traps 
farther oflf shore with the approaching winter. This migration to 
deep water is not common to all lobsters, as we find some in holes 
along the shores which are exposed by extreme low tides during the 
winter months. 

With the return of spring and early summer the lobstermen move 
their pots nearer shore. This movement of the lobsters to and from 
shore is probably the whole extent of their migrations, and therefore 
the restocking of the shores of a particular locality is possible. 
Efforts are being made to get more exact data on migrations by 
liberating tagged lobsters. Female lobsters, with eggs ready to 
hatch, are most often caught on rocky bottoms; and lobsters ready 
to shed, or those that have just done so, are most abundant on sandy 
or muddy shores. Dutch Island Harbor in Narragansett Bay seems 
to be a great shedding ground. 

3. Food. 

Although lobsters are called the "scavengers of the sea" and do 
undoubtedly feed on dead fish, yet they seem to prefer recently 
killed food. Rotten fish, while it probably attracts hungry lobsters, 
is found to remain untouched, or is even pushed aside, by lobsters 
in cars which have been reasonably well fed. Lobsters in their 
natural homes undoubtedly have long intervals between meals, and 
eat ravenously when any food is found. This will account for the 
ease with which they are caught in traps. The food of the lobster 
includes nearly all kinds of fish; whatever shellfish it can find, crabs, 
and other invertebrates. Pieces of shell and pebbles are also found 
in their stomachs. The materiial for the hardening of the shell is 
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probably obtained from the former. The lobster does not hesitate 
to eat another lobster which has been weakened by molting or injury. 
This cannibalism is most marked in the larvse, where it is a most 
serious obstacle to rearing. 

4. Length of Life, 

The age of a lobster can only be told with a moderate degree of 
accuracy. Size may be an indication, but frequently among those 
reared in cars some will be found four or five times the length of others 
of the same age. From accounts of early days there seems to be no 
limit to the size which lobsters may attain, but in recent years no 
lobster of over 25 pounds (21 inches in length) has been authentically 
recorded. From the slow growth which we know lobsters have, 
this specimen could not have been under 20 years old, and many 
considerations would point to a greater age.* 

5. Molting and Growth, 

Covered by a hard shell, the only means which the lobster has 
of becoming larger is by casting off its old shell; that is, by molting. 
Growth has already taken place within, rendering the animal more 
compact, so that when the lobster sheds it immediately expands 
through the absorption of water. (Plate XXXVI.) The new shell, 
at first as soft as wet paper, becomes hardened in a few days and 
prevents further expansion. The lobster in the first year molts 
about 14 or 15 times. Each successive year it molts less often, till 
lobsters between 8 and 9 inches long shed no more than 3 or 4 times 
a year. Concerning the molting periods of larger lobsters scarcely 
anything is known. It is known, however, that regeneration of 
various parts will very often retard the molting period and presum- 
ably the growth. Excessive light (as rearing in cars without covers) 



*For a more complete disouasion of the ace and rate of growth of lobsters see article, Regard - 
ing the Rate of Growth of the American Lobster, by P. B. Hadley. Report of Rhode Island 
Commissioners of Inland Fisheries, made to the General Assembly at its January session, 1906. 



Digitized by LjOOQIC 



126 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 

will lessen the percentage of gain at each molt, if not the frequency 
of the periods. 

6. RegenercUion. 

If a claw or any appendage is lost the lobster has the power of 
growing it again (regeneration). Should the loss occur within a 
certain period, too near an approaching molt, the molting occurs 
regularly without an3rthing being done in the way of repair. If, 
however, the loss happens a considerable length of time before the 
molt, this period will be delayed somewhat, and, in place of the lost 
limb, a bud will grow out. When the molt occurs the lost limb will 
come out fully formed, but about one-half size. When the next 
molt occurs it will be full size. This is true, with some variation, of 
all external organs unless it is the eye. This has never been observed 
to regenerate at the Experiment Station.* Closely related to this 
power of regeneration is the habit which the lobster has of throwing 
oflf a claw when it is crushed or injured (autotomy). 

7. Seorual Maturity, 

Since it is impossible to tell how old a lobster is, we cannot tell at 
what age it reaches sexual maturity. Observation on over one 
thousand egg lobsters received at the Experiment Station during 
several years seems to indicate that, in Narragansett Bay, lobsters 
may become sexually mature when from 8} to 9 inches long. In the 
past five years only about a dozen egg lobsters under 9 inches in length 
have been received, though a considerable number have been just 9 
inches. This would indicate that in Narragansett Bay very few 
lobsters imder 9 inches have become sexually mature, although 9 
inches is a good average. Herrick places the range in length of the 
Massachusetts lobster at the time of sexual maturity at from 8 to 



*For a more oompleto account of the matter of regeneratioa in lobeten see article, Recen- 
eration of Loet Parts in the Lobster, by V. E. Enunel in the Report of Rhode Island Con- 
missioners of Inland Fisheries, made to the General Assembly, 1906. 
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12 inches, and thinks that lOJ inches is the average length at sexual 
maturity. 

8. Spavming Habits. 

The female lobster spawns once in two years. (Plate XIII.) The 
eggs as a rule are laid during July and August, but some few lobsters 
lay them later in the fall or winter. Hatching occurs the following 
summer, at a time determined by the temperature of the water. In 
Narragansett Bay it takes place from the first of May to the middle 
of July. 

The lobster therefore carries its eggs for a period of 10 or 11 months 
before they hatch. The number of eggs carried by a lobster varies 
according to the si^e of the lobster; thus, according to Herrick, 
assuming that an 8-inch lobster has on the average 5,000 eggs, 
a 10-inch lobster would have 10,000, a 12-inch lobster 20,000, etc. 
A lobster about 16 inches long would thus lay about 80,000 eggs. 
This is, however, a low average. Lobsters 16 inches in length may 
have 100,000 eggs. When the female lobster is bearing eggs, she 
usually frequents some rocky shore where she can better protect 
herself. 

9. Larval Stages, 

During the first two weeks which follow hatching, the lobster 
passes through a larval period, during which it molts 3 times before 
it takes on the general external appearance of the adult. In 
each period it differs in form and habits as well as size. The main 
characteristics are as follows:'*' 

First Stage. (Plate XXVI.) In this stage the lobster swims 
rather feebly at the surface by the use of the outer branches of the 
thoracic appendages. The last segment of the abdomen bears one 

^For ft more eoiiipl«te aceount of the larral sUces tee article, Chanoea in Foim and Color in 
SuoeeMove Stages of the American Lobster, by P. B. Hadley in the Report of Commissionert 
of Ittland Fiifaeries of Rhode Island, made to the General Assembly. 1905. 



Digitized by LjOOQIC 



128 REPORT OF COMMISSIONERS OP INLAND FISHERIES. 

piece which is cleft like a fish's tail. The abdominal swimmerets 
are lacking, and the limbs that usually bear the big claws are of the 
same size as the walking limbs. In this, as in the second and third 
stages, the fry are ravenous feeders. The average number of days 
that the fry continue in this state at Wickford is five. 

Second Stage. (Plate XXVII.) After the first molt the lobster's 
claws become a little larger than the other limbs, but remain hanging 
down. The abdominal swimmerets appear, although the thoracic 
swimming organs are used almost entirely in .swimming. The tail 
lacks those outer segments which cause it to be characterized later 
AS the "tail-fan." The average number of days in this stage at 
Wickford is three. 

Third Stage, (Plate XXVIII.) The lobster after the second molt 
has proportionally still larger claws than the larvse of the second 
stage, but they still droop. The abdominal swimmerets become 
fringed with short hairs, and the outer blades of the "tail-fan" make 
their appearance. Swimming is still by use of the thoracic ap- 
pendages. The greater size and more vigorous swimming causes 
this stage to be easily distinguished from the preceding stages. Four 
days is the average length. 

Fourth Stage, (Plate XXIX.) The lobster at this stage becomes 
shaped like the adult. The claws are carried in front while swimming. 
The thoracic swimming appendages become reduced and function- 
less, and in general the unmistakable resemblance to the adult 
easily determines this stage from the preceding ones. The swimming 
is now very vigorous, and, when swimming in the rearing bag, it 
Always heads toward the current. Burrowing is* begim to a certain 
'extent in this period. The average number of days required at 
Wickford to reach this stage from the time of hatching is thirteen. 

10. Adolescent Period, 

Later stages develop other structural changes, although more 
gradually. At the seventh stage the appeudages . on the first ab- 
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dominal segment appear as buds, and by the eighth stage have 
developed sufficiently to enable the sex to be told. Beyond this 
stage the changes consist merely in the gradual assumption of the 
mature form and structure. 

11. Some Peculiar Means of Self-Preservation. 

Any one who has handled lobsters under 3 inches in length is 
familiar with the fact that the little fellows, when handled, will 
straighten out and to every appearance seem to be dead. The 
rigidity does not cease immediately when replaced in the water. 
This death-feigning habit is gradually outgrown, and perhaps is never 
found Among adult lobsters. It is supposed to be useful to the 
animal in protecting itself against fishes which prefer live food. 

Autotomy, the voluntary shedding of an appendage, is another 
habit which is more easily seen to be self-preservative. If a lobster's 
claw is held too tightly or crushed, it is almost always quickly 
dropped off. As it can again be regenerated the lobster is only 
maimed for a short time, while the loss of the claw may prevent the 
lobster from getting pulled out of its burrow and destroyed. 

12. Sensibility to Light. 

The adult lobster is negatively helio tropic, i. e., it will endeavor 
to get away from the light. This is not, however, characteristic of 
.all stages. In the first three larval stages the fry seem to seek the 
lighted area (positively heliotropic). The fourth stage also has this 
peculiarity till near the end of the stage, when it seems to anticipate 
the later stages and becomes negatively heliotropic* This negative 
heliotropism is perhaps the explanation of the fact that at this time 
also the lobster leaves the surface and begins to burrow at the bottom. 

It is an interesting fact, also, that the fry when confined in one 

*See article, Obeervations on Some Influences of Light upon the Lar\'al and Early Adoles- 
cent Stages of HomaruB Americanus, by P. B. Hadley, in the Report of the Commissioners of 
Inland Fisheries of the State of Rhode Island made to the General Assembly at its Januafy 
seseion, 1906. 

17 
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of the rearing bags, though closely crowded together, while carried 
rapidly around by the current, will avoid, and keep some little dis- 
tance away from, any white object, such as a stick or a paddle blade 
thrust in among them. 

13. The Enemies of the Lobster. 

From the moment of hatching until death the lobster is beset with 
enemies. The amount of harm which these can do, however, de- 
creases as the lobster becomes larger. Some of these enemies are 
particularly antagonistic while the lobster is in the larval stage. In 
this period the natural mode of life of the lobster fry renders them 
helpless. Their efforts at swimming are little more than " treading 
water." They are powerless against the slightest current of water, 
and are an easy prey to even the smallest fishes. Shrimp and 
tautog, as they frequent the places where the fry are found, are 
particularly dangerous foes. But perhaps they are their own worst 
enemies. A lobster larvae is just as willing to poimce upon a weaker 
neighbor as upon the choicest morsel of food. 

After the larval period is past the lobster's enemies do not lessen, 
but the lobster can better protect itself by burrowing among the 
rocks. Herrick says that "every predaceous fish which feeds upon 
the bottom may be looked upon in general as an enemy to the lobs- 
ter." Among these, the cod, the sea eel, and the dogfish are partic- 
ularly effective. So frequently are lobsters found in the stomachs 
of these fishes that fishermen are not loath to state that the lobster 
is their principal diet. The most important foe of the adult lobster, 
however, is man, and his attacks are so successful that the lobster 
can not hold his own against them. 

14. Decrease in Abundance of Lobsters, ^ 

From consideration of the many enemies it is not wonderful that 
the supply of lobsters all along the coast should become less. All 
of the facts as given above are, to some extent, responsible for this 
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depletion, but excessive fishing is the most important. The problem 
of lobster preservation, therefore, resolves itself into the protection 
of the lobster from its natural enemies at the critical periods of its 
life, and also in regulating and restricting the fishing. 

II. Methods Employed to Prevent Extermination. 

As early as the decerase in the number of lobsters was observed, 
some 70 years ago, various States and the general government began 
to contrive means to prevent the decrease and, if possible, to increase 
the supply of this "king of Crustacea." Naturally the methods 
which had proved satisfactory in the case of fishes were first used 
for the lobster, i. e., legal restricting of the fishing and artificial 
hatching of the eggs. These two methods will be considered briefly, 
and then will follow a somewhat detailed description of the scheme 
of hatching and rearing so successfully developed by the Rhode 
Island Fish Commission. 

A. LEGAL RESTRICTIONS. 

1. Protection of Egg Lobsters. One of the first laws enacted for 
the protection of the lobster is that which imposes a fine on any one 
retaining or destroying lobsters bearing spawn. The value of this 
law is apparent to any one, especially considering the fact that 
lobsters carry their eggs for eleven months before hatching. Un- 
fortimately this law can be quite easily evaded by scraping off the 
eggs. 

2. Protection of Immature Lobsters, An equally early law of 
easily recognized value is known as the *' short lobster law." A 
fine is placed upon the retention of lobsters under a certain length. 
The idea in the framing of this law was to enable the lobster to reach 
maturity and spawn at least once before it was lawful to capture it. 
The legal length in various states ranges from 9 to lOJ inches. As 
was seen in the paragragh on sexual maturity, the lobster in Narra- 
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gansett Bay in all probability is 9 inches, or slightly over, when it 
becomes sexually mature. In Massachusetts Herrick found the 
average to be 10^ inches, and perhaps in the colder water of the State 
of Maine, it may be still greater. • It is to be regretted that a uniform 
law has not been established. 

3. Protection of Large Lobsters, Recently there has been con- 
siderable controversy about changing the laws so as to prevent the 
capture of lobsters over a certain length. In this way protection 
would be given the large lobsters instead of the small ones. It is 
argued in favor of this scheme that : 

(1) Lobsters bear eggs in geometrical proportion to their length: 
8-inch lobsters, 5,000; 10-inch, 10,000; 12-inch, 20,000, etc. If 
these old ones are saved more spawn will be hatched, and the greater 
the number of eggs hatched, the greater number of lobsters will 
result. 

(2) The larger the lobster becomes the more immune it is from 
its enemies; and since, barring accidents, there seems to be no limit 
to the size which it may attain, there will always be spawners to keep 
up the supply. 

(3) It will be easy to enforce a law of this kind, since pots may be 
required to have an opening under a certain size. This will prevent 
the big lobsters from entering. 

(4) The older ones are not so tender meated,and thus the least 
possible damage will be done to the fisheries. 

It is argued on the opposing side that, if the young ones were 
caught, where would the old ones come from, and also that protection 
should be given the lobster during the period which is most critical. 

4. A Double Limit. There are certainly good points on both 
sides of the argument presented in the last section, and it would be 
impossible to give judgment in favor of either. Perhaps the wise 
plan, in view of the depleted condition of the lobster fishery, would 
be to adopt both. Laws could be enacted preventing the legal 
capture of those under 9 inches and over 14 inches. As a help to 
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the enforcement of such a law the pots might be required to have 
an entrance small enough to prevent those over 14 inches from 
entering, and the slats wide enough apart to allow those under 9 
inches to escape. 

5. Close Time. The State of Rhode Island has passed laws mak- 
ing the setting of pots and the taking of lobsters between the 15th of 
November and the 15th of April unlawful. Some restriction of this 
sort is certainly needed but there should be cooperation between all 
the states interested in the lobster fishery. There might be some 
question also, whether these particular dates are the best. 

6. Prevention of Mutilation, In order to avoid the consequences 
of retaining short lobsters, the fishermen have recourse to breaking 
the lobsters in two. This makes it impossible to tell the length of 
the lobster, especially when the parts of many lobsters were mixed 
together. To prevent this infringement, and also to prevent the use 
of short lobsters for bait, laws have been passed in some states 
imposing a fine for possessing the mutilated remains of uncooked 
lobsters. The canning industry was dealt a severe blow by these 
laws, but in one state (Maine) special legislation was made in regard 
to these factories. 

7. Further Regulations. In some states non-residents are pre- 
vented from engaging in lobster fishing. Further, certain states 
require that all cars, traps, and other contrivances used in catching 
or handling lobsters shall be branded with the owner's name, and in 
order to give protection to the lobstermen, unauthorized meddling 
with lobster gear is heavily fined. 

8. Tabulation of Lobster Laws. The following table gives the 
main laws of various states regarding the lobster fishery: 
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It would be safe to judge that, even with well enforced and uni- 
^onn laws in the various states, the abundance of lobsters would 
not be sufficient to keep pace with the increased demands of the 
market. Some means of artificial propagation must be resorted to. 

JB. ARTIFICIAL HATCHING AT THE STATIONS OF THE UNITED STATES 
BUREAU OF FISHERIES. 

As artificial hatching had been successful in the case of fishes, it 
was naturally the first method to be tried with lobsters. When the 
lobsters are received at these stations, the eggs are scraped off and 
placed in jars to hatch. The MacDonald jar, well known through 
its use in the hatching of shad, has been, till quite recently, the one 
made use of, and has been quite successful, only a small percentage 
•of eggs failing to hatch. Within the past two years the station at 
Woods Hole has used, with good results, the Downing jar instead 
of the MacDonald. 

It was, however, pointed out long ago that few, perhaps not over 
1 in 1,000, of the fry thus hatched ever reached the fourth stage. 
Furthermore, hatching the eggs artificially possesses no advantage 
over the natural method. It is safe to say that the egg lobster 
hatches practically all the eggs that will hatch. No artificial method 
can do as well. Even though the hatching can be perfected to such 
an extent that the percentage very closely approximates the natural 
method, there will be a great mortality before the fry can be liberated. 
This would not occur in the natural state, because the eggs of a lobster 
do not all hatch at one time, and consequently, in moving about over 
the bottom, the egg lobster would scatter its fry over a wider area. 
Furthermore, when the fry are liberated from the artificial hatchery, 
the cloud which results from pouring out the thousands of larvae 
must undoubtedly attact the attention of fishes, while the few 
which would hatch at one time from the natural method might 
' escape notice. 

Perhaps the principal thing which can be said in favor of artificial 
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hatching is that the practice of buying egg lobsters, usually at a 
premium, discourages the fishermen from scraping off the immature 
eggs in order to evade the law. 

C. HATCHING AND REARING AS DEVELOPED BY THE RHODE ISLAND 

COMMISSION. 

1. Introduction. 

In view of the decided disadvantage with which the recently 
hatched larvae commence life, and the very slight advantage, if any^ 
which hatching them artificially has over the natural methods, it 
has been clearly recognized for a dozen years or more that some 
further protection must be given the young lobster if artificial 
methods are to make any appreciable difference in the lobster supply. 
Herrick, in whose charge the United States Bureau of Fisheries 
placed the investigation of the entire lobster problem, said, in 1895, 
. " The problem of artificial propagation of the lobster will be solved 
when means are devised by which larvae, after hatching, can be 
reared in enclosures until the fifth or sixth stage, when they are able 
to take care of themselves." 

This idea of rearing the larvae until they are able to care for them- 
selves has been before the Rhode Island Commission since 1898. 
But instead of rearing them to the fifth and sixth stages it has been 
the policy to rear them only to the fourth stage, when, as has been 
seen, the lobsters assume the general form of the adult and to some 
extent its habits. It is true that the lobster does not entirely give 
up its swimming habits till it reaches the fifth stage, and occasionally 
not until the sixth stage is reached. ' But since, as will be shown 
later, the fourth stage lobster does burrow and, if liberated with care, 
at favorable localities, will hide among the stones and eel-grass, it 
has been thought impractical to retain them until a later stage. 

The successful method of rearing the lobsters through the free- 
swimming stage was the result of many painstaking experiments. 
Since the idea was hit upon in 1900 it has taken five years of con- 
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tinned experiments in order to bring the work up to its present 
condition. It can now be truly said that the scheme, as now operated ^ 
is entirely practical and successful. The chief obstacles which had 
to be overcome in reaching success were the serious cannibalism of 
the larvse, the necessity of crowding them together in order to rear 
large numbers, the difi5culty of supplying them with suflScient food, 
and the parasitic growths of diatoms and protozoa which infest the 
early stages. 

The main feature of the scheme used in rearing consists in keeping 
the fry in constant circulation. This is accomplished by confining 
- the fry in canvas bags which are suspended in the water and provided 
with windows of fine mesh copper wire netting. Two bladed paddles, 
not unlike restaurant fans, are kept revolving slowly in the bags at 
a rate of 10 revolutions per minute. Through their motion the 
water is kept fresh and the fry are prevented from settling to the 
bottom. The current of water is made just strong enough to keep 
them separated, thus preventing them from feeding upon one another, 
and yet of sufficient strength to keep their food in circulation near 
them. 

A 2 J horse power gasoline engine supplies the power for operating 
the paddles. This power is transmitted from the houseboat (Plates 
XIV and XV), in which the engine is located, to the floats anchored 
by the side of the houseboat, by means of shafting and mitred gears. 
A specially constructed device is used for transmitting the power 
to the constantly moving floats, and consists in a pair of toggle- 
joints connected by a sleeve in which two pieces of square shafting 
slide. The two floats are fastened to the houseboat, one on each 
side, and are composed of a framework of 6 x 6 spruce, floated by 
barrels. Each one is capable of containing five rearing bags. These 
bags are made of canvas, eleven feet square and four feet deep, with 
three windows of copper netting, one in the bottom and one on each 
of two sides of the bags. More detailed account of the various 
constructions and operations will be given in the following para- 
graphs. 

18 



Digitized by LjOOQIC 



138 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 

2. Structure of the Floats. 

Reference to Plates XVI and XVII will give an idea of the manner 
in which a float is constructed. In brief, it is a skeleton raft with 
two alleyways running the length of the float, one on either side, for 
the supporting barrels. Occupying the center is a row of open pools, 
12 feet 6 inches square, in which the rearing bags are placed. Run- 
ning the length of the float, and crossing the center of each pool, is a 
beam which furnishes support for the shafting and gears. At each 
corner of the pool and projecting into the water is a 4 x 4 post, 5 
feet long, extending 4 feet below the surface of the water. Each of 
these has a hole gouged out in the lower end, through which a rope is 
passed and spliced, so that one end hangs free. The bottom frame 
of the lobster bag is fastened to these free ends, and thus the bag 
may be lowered and raised by the ropes. Two of these floats are 
employed, one on each side of the houseboat. 

3. Engine and Gearing. 

The engine used for transmitting power to the paddles of the 
rearing bags is located on the houseboat. By means of shafts and 
gears the power is transmitted from the houseboat to the five paddles 
on each of the two floats and to the three paddles in'the well of the 
houseboat. The gasoline engine is a Fairbanks-Morse of the vertical 
type, two and one-half horse power. That this engine is fully 
capable of doing the work required of it, or even more, is shown by 
the fact that, though it has been in use for three years, yet, during 
the past season, it ran day and night for seventy days without a 
breakdown. It is further to be remembered that the constant 
bending of the floats by the motion of the water makes necessary 
the transmission of more power than is necessary for the mere turning 
of the paddles. In addition to this, the gears are protected in no 
way from the weather. Under all these conditions, however, there 
was ample power in the engine to provide for all emergencies. 
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The speed of the engine, 320 revolutions per minute, is reduced, 
by means of belt pulleys situated within the engine-house, to forty 
revolutions. This speed is transmitted by means of a belt to a main 
transverse shaft of IJ-inch steel running across the houseboat just 
outside the engine-house. From this main shaft three transmissions 
are made. 

The first of these is by means of mitred gears to a 1-inch shaft 
running lengthwise of the well in the center of the houseboat. By 
means of the gears the speed in this is reduced to twenty revolutions 
per minute. The other two transmissions are made to 1-inch shaft- 
ing running transversely on the two floats. The constant change 
in level between the houseboat and the floats, caused by the motion 
of the water, made necessary tl\e adoption of universal joints (Plate 
XVII), invented especially for this purpose, to connect the shaft on 
the houseboat with the shafts on the floats. These universal joints 
consist of a pair of toggle-joints united by means of a sleeve in 
which two pieces of square shafting slide. The toggle-joints make 
possible the transmission of power at any angle, and the square 
shafting, sliding in the sleeve, allows for the lengthening or shortening 
of the distance between the houseboat and the floats. From the 
two transverse shafts on the two floats, which of course have the 
same speed as the main transverse shaft on the houseboat, connection 
is made, by sets of mitred gears, to longitudinal shafts running the 
length of the centers of the floats. The speed of these shafts is also 
reduced by the gears to twenty revolutions per minute. These 
longitudinal shafts are of one-inch steel and are 53 feet long. It 
might further be said that the shafting used in this longitudinal 
drive of 53 feet is purposely of 1-inch stock because, with the 
constant bending of the long float, a heavier shaft, because of its 
rigidity, would pull out the hangers. The one-inch shafting readily 
bends with the floats, and the slow speed of twenty revolutions is 
not materially interfered with. The shafting is supported through- 
out by ordinary babbitted shaft-hangers. 
From these two longitudinal shafts, and from the shaft running 
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along the well of the houseboat, connection is made, by means of 
mitred gears, to the vertical paddle shafts. (Plate XVIII.) In 
these the speed is reduced by the gears to ten revolutions. Each 
paddle can be thrown out of gear independently by means of a lever. 
This enables each bag to be manipulated separately without shutting 
oflf the entire machinery. 

4. Construction and Care of the Rearing Bags, 

The canvas rearing bags (Plates XVIII and XXI) are 10 feet, 2 
inches square, 4 feet deep, and made of 10-ounce duck. In the 
bottom and on two sides are windows. The frames of these are 
made of furring on the outside and a strip of lattice on the inside, 
the two being fastened together witlj brass screws, thus binding the 
edges of the canvas to the copper wire netting, 20 mesh to the inch, 
which forms the windows. A hem is made around the top of the 
bags, in which a rope is nm. This hem is open at each comer, so that 
at those points loops of the rope can be put over line cleats, on the 
top of the haul-down posts, to support the comers of the bag. The 
sides are held up by ropes passed through gmmmet holes in the 
centers of the sides. A free edge is left around the outside bottom 
of the bag, with grummet holes at frequent intervals. Through 
these holes marlin or some light rope is passed and the bottom 
stretched quite taut over a square framework of one-half inch gal- 
vanized gas pipe which, for this purpose, is made a little larger than 
the bag. But however tight the canvas is drawn the upward current 
of water will pull up the center of the bag and endanger its being 
struck by the paddle. This is best remedied by placing two strips 
of furring; long enough to project over the sides of the framework, 
on the bottom of the bag underneath the framework. Then thin 
lattice strips, just the length of the inside bottom, are placed within 
the bag opposite the pieces of furring, and scre^^ed down to the 
furring strips. Care of course should be exercised to round the edges 
of both lattice and furring strips so as to prevent them from cutting 
holes in the canvas when it is drawn up by the current. 
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As soon as the fry in a bag have reached the fourth stage and have 
been removed, or sooner if its condition requires, the bag is taken up 
and thoroughly cleaned. As we have seen, the bags in a short time 
become more or less foul. Most of the fouling occurs at the bottom, 
where the silt collects. This is the least dangerous to the lobster, as 
the current keeps them from the bottom, but of course the fouling 
tends to rot the canvas, and if the bags are left in the water with the 
filth from hatching still in them, the bottoms will soon rot out. If 
the sides of the bag become dirty, however, it is of the most serious 
consequence to the fry, as will be described later. As yet it is im- 
possible to prevent this entirely. Soaking the canvas in a solution 
of Stockholm tar in gasoline preserves it and, in a measure, prevents 
the fouling. This is an excellent preparation for the bottoms, 
although it darkens the bag and interferes with observation. As 
regards the sides, it is. another matter. Here the whiteness is of a 
decided advantage to the fry, for if white they tend to avoid it and 
consequently the current is not so likely to throw them against the 
sides and so infect them with the same growths that have fouled the 
bag. 

Washing and drying the bags is the best expedient yet found for 
preserving them and keeping them in good condition. As soon as 
the bag commences to be foul, so that the lobsters become endangered, 
the fry should be removed and the bag taken up and washed. Usu- 
ally, however, the bag will rear one set of larvse before becoming 
foul. 

Plates XIX, XX, and XXI show the process of washing and drying. 
A small float with a pool 12 feet square is used for the purpose. 
When the lobsters have been dipped out of the bag which is to be 
washed, this float is brought up alongside the rearing float; the dirty 
bag is then unfastened and floated under the outside barrel alley and 
up under the small float. The bag is fastened at the surface of the 
water, and the sides are scrubbed within and without with stiff 
brooms. The bag is then raised on an incline (Plate XIX), and the 
dirt scrubbed loose and washed out by water thrown on the bag. 
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(Plate XX.) It is sometimes necessary to turn the bag upside 
down and scrub, or even scrape, the underside of the bottom, as in 
the ten or twelve days that the bag has been in the water the sea 
squirts (Molgula) and barnacles may set thickly upon it. After the 
careful scrubbing and washing the bag is pulled up out of the water, 
the sides raised, and the bag left to dry (Plate XXI). The drying 
takes but two or three hours on a clear, warm summer day. The 
drying of the salt water tends to whiteathe bags considerably. 

5. Construction and Adjitstment of the Paddles. 

The paddles used at Wickford are two-bladed, not unlike those 
used overhead in restaurants. (Plate XVIII.) Each blade is made 
of one-inch cypress and is 8 inches wide at the end nearest the paddle 
shaft, and tapers to about 4 inches at the outer end. The blades are 
fastened by clamps to a piece of J-inch galvanized iron pipe which is 
placed on the under side. Between the two blades is a T coupling, 
into which a vertical galvanized iron pipe is screwed. This vertical 
pipe is used as a shaft for that part of the paddle which is under 
water, and connects directly by a coupling to a short piece of one- 
inch shafting connecting with the gears. The paddle used at present 
is broadly beveled on each side, though the double beveling is im- 
necessary. The length of the paddle should be sufficient to clear the 
bag by about 6 inches when revolving, and should be raised about 
the same distance above the bottom of the bag when this is drawn 
up by the current. The blades of the paddle should, furthermore, 
be painted white so that the lobsters will avoid them. 

Too great care can not be exercised in the proper adjustment of 
the paddle. With a paddle of the above width and length ten 
revolutions per minute are sufficient. The angle which the paddle 
should oppose to the water is a matter which requires experience to 
determine. It is, however, a very important factor. Many times in 
two lots of larvae, under apparently similar conditions, one of them 
will appear clean and healthy while the other will be covered with 
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growths. In one a large percentage will survive, while in the other 
the mortality will be high. The main cause will be the difference 
in the current of water. 

By the angle of the paddle the amount of current is determined, 
and the current determines the amount of food which is acces(sible 
to the lobster, the extent of cannibalism, the ease with which they 
molt, the amount of diatoms and other parasitic growths on the fry, 
and those undeterminable factors which go to make up conditions 
of health and vigor. 

That the proper amount of current should afifect the accessibility 

of the food and to a certain extent prevent their eating one another 

is easily seen. That it should have an influence on the ease of 

molting is also apparent. When the lobster molts it is, for a short 

time, more or less helpless. A strong current throws it against the 

sides of the bag or forces it against the screenings. These conditions 

naturally do not favor molting. On the other hand, if the current is 

very weak, while it may be sufficient to keep an active larva moving, 

yet when the molting period arrives the larva will sink to the bottom 

and be rolled along with whatever food, silt, diatoms, and fungus 

spores have collected there. The current must be so adjusted as 

to prevent both of these difficulties. Why it should afifect the 

parasitic growths on the fry is not so easily seen. Because of the 

current continually running in the bags, there can not help but be 

a considerable collection of diatoms, etc., on the inside of the canvas, 

and consequently in the water within the bags. The number in the 

water within the bags, however, cannot be much greater than in 

the water outside; at least not enough greater to explain the abundant 

growths of diatoms which sometimes occur. The probability is that 

the fry are infected with these organisms by their contact with the 

sides of the bags. With a current great enough to continually 

throw the fry against the sides of the bags, the opportunity for their 

infection would be very great; while with a current of less intensity 

the natural instinct of the fry to shun a white surface would prevent 

this to a great extent. That this is actually the case is shown by 
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the fact that frequently two lots of fry, under exactly similar condi- 
tions as regards cleanliness of the bags, etc., will, with different 
strengths of current, turn out, one clean and healthy and with a low 
mortality, the other covered with diatoms, etc., weak, and with a 
high mortaUty. 

Other unfavorable circumstances attend a strong current. Ex- 
periments with fry of all stages, conducted carefully in jars, showed 
that all through the larval period the lobster is negatively rheotropic, 
t- e., will endeavor to swim in opposition to the current. Efforts to 
oppose the current are more marked the stronger the current. In a 
very feeble current the lobster will, to a certain extent, act as if in 
quiet water; when the current is strong, but not too strong, it will 
oppose it, provided other things, such as the pursuit of food, reaction 
to light, etc., do not interfere. Of course in a too strong current 
the larvae will be prevented by the mere force of the current from 
swimming against it. This reaction to current is most pronounced 
in the fourth stage, as in that stage the fry are very strong swimmers. 
The first, second, and third stages swim very feebly, and are naturally 
turned over and over by a strong current. They will continue to 
struggle against it, however, though without avail. This certainly 
can not be favorable for their development. When turned over and 
over by a too strong current it is impossible for them to secure food, 
and starvation results. 

Although from what has been said it will be seen how important 
a matter the proper adjustment of the current is, yet the selection 
of the most favorable current can be made only after some experience 
has been gained by actual experiment. 

6. Obtaining the Egg Lobsters, 

At Wickford the egg lobsters are purchased in the spring from the 
lobstermen at the regular retail price. It is the custom at some 
stations to buy the egg lobsters throughout the entire year, and retain 
them in pounds or cars. If a suitable place is at hand this is of course 
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preferable, as it creates a market for the egg lobsters and takes away 
the incentive to scrape ofif the green eggs; also, since the time in 
which they may be collected is longer, a greater number of egg 
lobsters can be secured. In case the egg lobsters are shipped 
some distance, care should be taken not to allow the ice to come 
in contact with the lobsters, as the fresh water from the melting ice 
will kill most of the eggs. If it is necessary to use ice in shipment, 
it should be so arranged that neither the ice nor the fresh water 
come in contact with the lobsters or with the eggs. 

The lobsters obtained are confined in covered cars divided into two 
compartments, each five feet square, and with a water depth of two 
feet. As the lobsters which are to be put in .these compartments are 
more or less crowded together, it is necessary to secure their claws 
in some way to prevent fighting, which may result in killing or 
mutilating one another, or at least in scraping ofif the eggs. Tying 
their claws with string or wire, winding with canvas bandages, or 
putting on mittens made of some cheap cloth, and plugging the claws 
with wooden plugs have all been tried. Of these three the winding 
with canvas bandages is preferable; but the bandages invariably 
work off from one or two, and then the others are at their mercy. 
The surest way is to insert wooden plugs just outside of the movable 
jaw of their claws. This at first was avoided, for fear of injuring the 
lobsters, but it was found that very little if any injury was caused by 
this plugging. The use of the claw is very quickly restored after the 
plug is removed, and the lobster seems to be none the worse for it. 
This practice is employed by lobstermen everywhere where lobsters 
are kept in cars. 

As the season progresses, usually about the first of May, the 
lobsters are looked over. One who lias had experience can tell at 
a glance about how soon the eggs of a lobster will hatch. The lobsters 
that will hatch their eggs about the same time are put in compart- 
ments together. Too much care can not be exercised in keeping 
them picked over. 

19 
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7. Hatching the Eggs, 

As soon as a lobster's eggs reach the point where they will hatch 
in two or three hours, the lobsters are transferred to flat crates 
(three feet square and four inches deep) made of laths about an 
inch apart. These crates, which must float when filled with lobsters, 
are placed in the rearing bags and the paddle started. (Plate XXII.) 
Care should be taken not to permit the lobsters remaining so long in 
the retaining cars that hatching commences there, for if this occurs 
many fry will be lost. Yet at the same time only those whose eggs 
are on the point of hatching should be put into the bags, for this 
enables one to get a sufilcient number of fry in the bag in a very few 
hours, and also all the fry are about the same age. Naturally this 
is a very important factor because of their cannibalistic habits, for 
if lobster fry of assorted sizes are in the same bag the danger of their 
devouring one another is much greater than as if they are all of the 
same age, although this danger is reduced to a minimum in the rearing 
bags. 

The crate, also, to a certain extent, impedes the circulation of the 
water, and consequently the sooner removed the better. Besides 
this, the longer the egg lobsters remain in the crates the more un- 
hatched eggs are scraped off into the bags, and though many of these 
are subsequently hatched, they stand no show against their older 
fellows. The crates should be allowed to float around with the cur- 
rent, as many fry would be lost by being dashed against a stationary 
crate. It is better, however, to fasten the crates loosely about the 
paddle shaft so that it can not damage the bag by striking against it. 

8. Feeding, 

Feeding is another operation which requires much attention. 
(Plate XXIII.) The lobster fry in all stages eat ravenously and with- 
out much selection of food. Almost anything in the way of animal 
food will serve them for a meal. Their cannibalistic habits have been 
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referred to. In confinement in the rearing bags the food item be- 
comes of tremendous importance. Molting three times in from 10 
to 14 days, while in each molt important structural changes occur, the 
lobster demands regular and almost continuous feeding. Their 
feeding apparently does not take place chiefly at night, as in the adult, 
but on the contrary they seem to feed most frequently during the 
day. The warmth of the water and the bright sun seem to favor their 
growth, or at least the rapidity of molting. Lobster fry very often, 
when taken from the rearing bag and placed in a shallow dish for 
observation, will molt in a very short time if it is a bright sunny day. 
This occurs so often as to lead one to conclude that the warmer tem- 
perature of the water in the dish hastens the molting. Since these 
conditions of temperature favor growth, they must undoubtedly 
encourage more abundant feeding in order to supply proper material 
for growth. But we are not to conclude that the lobster does not 
feed during the night. Flash-lights thrown on the water in the rear- 
ing bags at night have shown fry eating pieces of clam. The fact 
that the proportion of those feeding was not as great as in the day- 
time must not be taken as an indication that the lobster feeds 
principally by day, for a sudden light greatly excites the lobster and 
may have caused the dropping of food. 

The practice of feeding the fry as frequently during the night as 
during the day has been carried on at Wickford. The kind of food 
used is determined, not so much by the preference of the lobster, as by 
the requirements of the scheme of rearing. The fry feed quite as 
readily on one kind of food as another. Fish, perhaps, is as much 
preferred as anything; but it is very oily and fills the water with 
grease. This interferes with observation and is unfavorable to a 
healthy condition of the fry. Moreover, those particles which fall 
to the bottom of the bag rapidly decay, fouling the water and rotting 
the bag. Soft-shell clams seem to be the best available food. The 
advantages are lightness, requiring little current to keep it up in the 
water, absence of oil, and are less likely to decay. The fry eat it very 
readily. The preparation of the clams consists in cutting them from 
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the shells and chopping them finely with a meat chopper. The whole 
clam is usually employed, not even discarding the tough snout, as 
the lobsters seem to pounce upon pieces of this almost as quickly as 
on the softer parts. In past years it has been the custom to sift the 
grindings through wire netting, and only use the very finest, such as 
would give ja. milky look to the water; but the past season all the 
grindings were used. In some instances the fry were seen to pass by 
the smaller particles and seize a larger fragment. Of course the par- 
ticles must not be too large, otherwise they are not kept properly 
suspended by the current. In regard to the time of feeding, it was 
the practice last year to feed every three hours throughout the 
twenty-four. This seems to have been quite satisfactory. The 
practice of keeping the fry continually supplied with food should be 
considered of more importance than regular feeding periods. 

9. Length of Time Required to Reach the Fourth Stage, 

The length of time required to reach the fourth stage from the time 
of hatching varies at Wickford from 10 to 21 days. The temperature 
of the water is, in a great measure, responsible for this variation, but 
careful records kept during 1905 seem to show that, while it is the 
most important, it is not the only factor. It will be necessary to 
experiment further in order to fully establish the importance of the 
various factors, yet it may be said that the following certainly do 
exert considerable influence on the duration of the .first three stages. 
In the order of apparent importance they are: temperature, food, 
current, density, and light. The effects of temperature, food and 
current have already been described. Of the influence of the density 
of the water little is known; after a warm rain, however, molting 
seems to progress more rapidly. The importance of the light fac- 
tor is as yet undetermined. 

10. Liberation of the Lobsterlings. 
As fast as the fry reach the fourth stage they are dipped out in- 
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dimduaUy and put by themselves in a retaining bag. As soon as a 
sufficient number has been collected in this bag they are transported 
to the place where they are to be liberated, in large galvanized iron 
cans with a loose cover over the top. A suitable shore, one composed 
of rocks, with a growth of short eel-grass or seaweed of some sort, is 
selected, and the young lobsters poured out just at the water's edge 
(Plate XXIV). The morning is the best time for transporting and 
liberating them. If the time during transportation is long, a tight 
can with ice may be suspended in the can containing the lobstera; 
but where there is to be only two or three hours' confinement in the 
can, care in keeping it from the sun and frequent aeration of the water 
by stirring, is all that will be necessary. 

The above plan is the result of experience. At first the lobsters 
were liberated at the surface of rather deep water over a rocky ledge. 
The fry when poured out would sink for some distance and then the 
greater part would rise and swim about. Just how long this swim- 
ming was continued is not known, but instances occurred where in- 
dividual lobsters, which had some distinguishing mark, as the absence 
of a claw or a peculiar tuft of diatomaceous growth, have been 
liberated by accident near the houseboat, and have been observed 
for several days swimming from one beam of the float to another, 
though the bottom was only from 6 to 10 feet distant. It is hardly 
needful to comment on this method of liberation. Tautog abounding 
around such ledges would scarcely allow such an opportunity to go 
by without taking advantage of it. Perhaps few lobsterlings would 
ever become established in safe retreats. 

Profiting by this experience, the idea of liberating on the shore was 
tried. Here another distinction between favorable and unfavorable 
places was found. If the lobsterlings were poured out at the edge 
of the water where the shore was composed of white or light colored 
rocks, the majority of them would swim out from the shore while 
still near the surface, and apparently the result would be smiliar to 
liberating in deep water. If the shore, however, afforded a dark 
background, especially if this was occasioned by eelgrass, algae, or 
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seaweed of some sort, the lobsters would disappear, and close scrutm3r 
would reveal most of them lodging in the branches of the weeds and 
following the stems down to the bottom. Some fry, of course, would 
swim out, due mostly to the reaction from being in confinement. 
Most of them, however, would soon go to the bottom. 

As has already been shown, the exact time when the lobster fry 
leave off swimming, except when disturbed, varies somewhat. The 
majority of lobsters in the fourth stage when confined in cars do 
build burrows, and perhaps swim about only when in search of food 
or upon some other stimulus;, a minority will, however, either keep 
swimming about on the sides of the car near the surface; but it is 
not long before these, too, have taken up the habits of bottom life- 

From the above considerations it would seem that the lobsters 
may, if care is taken, be liberated successfully after the first three or 
four days of the fourth stage are passed. To be sure a later stage 
is preferred, and as many stages later as may be will further insure the 
lives of the lobsters liberated; but for practical rearing purposes the 
fourth stage is probably sufficient. 

11. Liberation of the Egg Lobsters. 

After the eggs are scraped or hatched from the hen lobster, a copper 
tag with a serial number and the words " Return to the R. I. Fish 
Commission" is fastened securely with fine wire to the lobster's 
beak. (Plate XXV.) Then, after the length and other data of in- 
terest have been recorded, they are liberated at various places in the 
Bay. The tags of those caught are returned by the lobstermen, with 
a record of the date and place captured. Considerable information 
is thus collected in regard to the migration of the lobsters, and, since 
the lobster in molting casts off the tag together with the old shell, 
some data is obtained in regard to the length of time before molting 
after the eggs are hatched. 

12. Conditions Most Essential for the Location of a Rearing Plant. 
The experience of the past five seasons in the operation of the plant 



Digitized by LjOOQIC 




Plats XXV.— Adalt lobster with copper tafr attached to beak. Lobsters thus tSLgged are 
liberated at certain stations, and lobstermen are requested to return such tags, if retaken, 
to the Commission, giving date and place of capture. Valuable information on the moyp- 
ments of lobsters has been obtained by this method. [C 



Digitized by LjOOQIC 



REPORT OF COMMISSIONERS OF INLAND FISHERIES. 151 

•at Wickford has made it evident that, for the proper location of a 
station for rearing lobsters, two conditions especially must be sought. 
These conditions are quiet water and warm water. It is not essential 
in the least to have the station near the place where egg lobsters 
are obtained most abundantly, for the lobsters may be shipped with 
little injury. Shelter from storms and ocean swells is obviously a 
very important factor. 

The plant described above, though evidently but a skeleton 
structure, is nevertheless capable of withstanding quite a heavy sea. 
In the summer of 1903 it was subjected to one of the worst storms 
for years along the coast, and rode it out uninjured. The break- 
water then in use was light and was carried away. The rearing 
apparatus, however, was not damaged. The paddles ran in good 
order until in the midst of the storm the engine was shut down as a 
measure of precaution. The seas ran so high that many fry were 
swept out of the bags. The greater the protection afforded by the 
location, however, the less danger will there be of accident. 

The temperature of the water is of paramount importance in order 
to obtain the best results. Although it is possible to rear lobsters 
with some success in cold water, the best results will be obtained with 
ivater at a temperature of 65*^ to 75*^ F. This higher temperature 
results in a more rapid development of the lobsters. This more rapid 
development results, first, in a reduction of the expense of operating 
the plant, because of the less time required; and second, in a greater 
proportion of fry reared to the fourth stage, because in the shorter 
time there is less chance for death from cannibalism, parasites, and 
injury. 

13. Cost of a Rearing Plant. 

The estimated cost of the simplest possible plant, consisting of 20 
rearing bags, capable of turning out 500,000 lobsterlings in a season, 
is as follows: 
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4 H. P. engine $400 00 

Houseboat 325 00 

4 floats 350 00 

Gearing 700 00 

Bags / 500 00 

Miscellaneous fixtures 225 00 



$2,500 00 



In some localities this might vary from the above more or less^ 
according to the advantages for securing the materials. 

The running expenses of such a plant in a favorable locality would 
not be far from $3.00 per thousand lobsterlings reared; this includes 
gasolene, food for the fry, and labor; but does not include the cost 
of egg lobsters. 
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I. Introduction. 

At a time when artificial propagation is bidding fair to partially 
check the ever increasing depletion of many forms of marine animals 
whose economic value has long sustained a many-sided fishing in- 
dustry, any facts which may bear directly or indirectly upon the life, 
habits, or development of such forms might seem to be of value. 
This fact is especially true in respect to the American lobster, a 
knowledge of whose development must influence not only methods of 
artificial propagation, but also legislation in determining the season 
and size at which the taking of lobsters shall be allowable. 

It may here be noted that the life of the lobster from time of hatching until 
time of death is but a series of stages or st€ig€ periodSy so-called, each one of 
which represents a period of its life between any two successive molts or 
castings of its shell. Of these stages, the first four are passed through 
rapidly, the young creature molting usually four times in the first twenty 
days of his existence. It is these first few stages, so quickly passed, that 
include the most important changes which the young lobster undergoes, and 
they are called the larval stages, denoting the successive emergence of one 
form from another. In each successive stage the lobster is larger than before ; 
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thus we can say that he grows by moUing, but (except for the gradual inter- 
articular expansion within the few days immediately following the molting 
process) never between moUa, From the fourth stage on, however, each suc- 
ceeding stage period is of longer interval and the changes which the adoles- 
cent lobster undergoes are correspondingly less distinct or significant, being 
characterized chiefly by those alterations in internal morphology which are 
concerned with the reproductive organs as the young lobster approximates 
to the adult structural and adult functional type. The slight changes in 
body form which the older lobsters experience are evident in the increasing 
" stockiness'' of the body, the increasing relative size of the chelipeds, and 
(in the case of the secondary sexual characteristics) the broadening of the 
cephalothorax in the male, or the widening of the abdominal segments in 
the female for the better accommodation and protection of the eggs which 
are borne attached to the swimmerets on the under side of the 'Hail.'^ The 
first three stages of the lobster are free-swimming stages, but all the activi- 
ties are without co-ordination or aim. The fourth stage is also free-swimming, 
but in this case there is co-ordination in movement, and the youn^ lobster 
swims with directness and purpose, usually at the surface, a phenomenon 
which is very likely determined by the general positive phototropic reactions 
evinced in this, but not in later, stages. Sometimes in the late fourth stage, 
but always in the fifth, the bottom-seeking and "hiding-habit" becomes 
prominent, and lobsters in all later stages manifest the characteristic habits 
of the adult species, namely, the tendency to shun the light and to seldom 
wander far from the rocky crevices which they select for their dwelling place. 
There appear to be, however, certain migrations of lobsters, some of which, 
according to Bumpus C99), travel long distances in an incredibly short time. 
The migration may be general in its nature and characterized by a flux of 
lobsters into deep or shallow water at certain seasons of the year. These 
migrations seem to be influenced by water temperatures. There are, on the 
other hand, certain peculiar individual migrations, as mentioned above, 
when often a lobster may cover 15 or 16 miles in 3 or 4 days. For such as 
these there is no explanation available except the general tendency to wander 
restlessly about (a phenomenon observable in all the early stages) when once 
they have been removed from their habitual environs or when their habita- 
tion has been altered, removed, or destroyed. 

This general absence of a migratory tendency (over great distances) which 
has also been proved to hold true for most of the tagged lobsters liberated in 
Narragansett Bay is a significant fact which bears upon the possibility of a 
depletion of lobsers in certain localities — a subject to be considered on a later 
page. 
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With these facts in mind, the writer has herewith attempted to 
oflfer a limited amoimt of new observations upon the rate of develop- 
ment of the American lobster and, recalling some observations of 
other writers, to make an estimate of the age of lobsters in different 
stages of development, A great number of the facts here reported 
have fallen imder the writer's own observation while engaged in the 
work of artificial lobster propagation at the Experiment Station of 
the Rhode Island Fish Commission, at Wickford, R. I. He has, 
however, taken the liberty to make free use of data from several other 
reliable sources, as Herrick, Buckland, Boeck, G. 0. Sars, Mead, 
Williams, Brook, Emmel, Goode, Dalyell, Bumpus, Packard, Gorham, 
Cobb, and others, each one of whom has presented facts which, when 
combined with the others, help to construct a somewhat fuller ac- 
count of the rate of growth of Hamarus than has yet been obtained 
from any single source. 

II. Earlier Observations on the Rate of Growth. 

1. Amount of Increase at Molts, 

The question was raised by Herrick ('95), " How long does it take 
a lobster to attain marketable size?" (10) inches in Massachusetts.) 
Herrick himself was the first to gather data, make an estimate, and 
to give a tentative answer. For this reason, before considering our 
own and other observations, it may be appropriate and of advantage 
to examine briefly the result of this writer's numerous and careful 
observations, made at the Woods Hole Station of the United States 
Fish Commission, upon the size and molting periods of lobsters in 
all of the earlier, and many of the later, stages of development. To 
show the average length of young lobsters in the first ten stages, 
Herrick presents the following table: 
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Table No. 1. 
{Herrick'a Table No, 25.) Actual length of lobsters during the first 10 stages 
at Woods Hole, Mass, 



NuMBBm OP Molt om Stage. 


Average 
lenffth. 


Extremes 
inlencth. 


Number of 

lobsters 
examined. 




mm. 


mm. 




1 


7.84 


7.6 


to 8.03 


15 


2 


9.2 


8.3 


to 10.2 


47 


3 


11.1 


10.0 


to 12.0 


79 


4 


12.6 


11.0 


to 14.0 


64 


5 


14.2 


13.4 


to 16.0 


16 


6 


16.1 


16.0 


to 17.0 


12 


7 


18.6 


18.0 


to 19.5 


4 


8 


21.03 


19.0 


to 22.0 


5 


9 


24.6 


24.0 


to 25.0 


2 


10 


28.03 


26.6 


to 29.5 


3 



Using as a basis this table, together with one other (Herrick's Table 
No. 35), we can formulate the following scheme, which briefly summa- 
rizes the results of Henick's observations on the first ten stages, with 
reference to (1) average length, (2) increase in length at molts, (3) 
percentage of increase, and (4) average age of individuals in a single 
8tage. 

Table No. 2. 

Summary of Herrick^s statistics for first 10 stages of lobsters 
Raised at Woods Hole, Mass. 



STAGE. 



3. 



6. 



6. 7. 8. 9. 



10. 



Average length (mm) . . . 
Increase in length (mm) . 

Increase per cent.* 

Average age, (days) 



7.84 



9.2 
1.36 
!l7.3 



11.1 

1.9 

20.6 



12.6 

1.5 

13.5 



I 



20 24 



14.2 
1.6 
12.7 
38 



I ! 

16.118.621.03 24.5 



1.9 



2.5 



13.415.5 



2.43 3.47 



12.5 |16.5 

I 



28.03 

3.43 

14.00 



*ATerace per cent, of increase for the 10 stacee is about 16.2. 
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Estimating from this table, the average increase in length for the 
10 stages will be found to be 15.2 per cent. In another group of 66 
individuals, however, Herfick obtained an average increase of only 
13 per cent. It will be observed, however, that, owing to the diflBcul- 
ties in maintaining the 7th, 8th, 9th, and 10th stages, the number 
of individuals in these stages examined is comparatively small; and 
since the variation in size in a single stage is great, a larger number 
of observations might perchance give more certain results. It will 
be observed from Table No. 2 that the percentage of increase under- 
goes no great variation between stages 1 and 10. 

Other observations were made by Herrick upon lobsters of later 
stages, and the following table gives records of molts of eight lobsters 
varying in length from 5^ to 11 J inches. The results demonstrate 
that, although the percentage of increase for these older lobsters 
varies between 6.66 and 18.18, the average per cent, of increase is 
12.01 which, as will be noted, is not far from the per cent, of increase 
in length for the first 10 stages. (See Table No. 2.) 

Table No. 3. 
(Herrick*8 Table No. 24.) Increase in length of lobsters at time of molHng, 



No. 


Date. 


Sex. 


Length 
before 
Molt. 


Length 
after 
Molt. 


Increaae 
in length. 


Increase 
per cent. 


1 
2 
3 
4 
5 


Oct. 22,1890.. 
Oct. 29, 1890.. 
Nov. 6, 1890.... 
Nov. 10, 1890. . 
Nov. 11, 1890. 


Female 

Male 

Male 

Male 


Inehet. 
51 
11 
71 
9 
7i 

Hi 

6i 


Inehst. 

6i 
12 

8i 
lOi 

8 


Inehst. 

1 

i 

1 


18.18 
9.09 
9.68 

16.66 
6.66 


6 
7 
8 


June 8, 1891 . . . 
July 13, 1891 .. 

* 


Male 

Male 


loi i lA 

12i : 11 

71 } 


13.13 
11.11 
11.54 












Average 






1 


12.01 






' 





*Reoorded by Dr. A. S. Packard, "The Molting of the Lobeter," Am. Nat., 1886. XX. 173. 

Taking as a basis the observations presented in the foregoing tables,. 
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Henick, having determined the average percentage of* increase per 
molt as 15.3, and the average length of the first stage larva as 7.84 
mm. constructs the following systematic scheme to show the prob- 
able lengths of lobsters in all the later stages from 1 to 30, a period of 
time which would represent the life of the lobster from time of hatch- 
ing to the attainment of very great size : 

Table No. 4. 

(HerricJea Table No, 26.) Estimated length of lobsters during the first 
30 stages. 



Stace. 


Length. 


Stage. 


Length. 


Stage. 


Length. 


1 


mm. 

7.84 
9.04 
10.42 
12.02 
13.86 
15.98 
18.42 
21.24 
24.49 
28.23 


11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


mm. 

32.55 
37.54 
43.28 
49.90 
57.53 
66.34 
76.49 
88.19 
101.68 
117.24 


21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


mm. 
135 17 


2 

3 

4 


155.86 
179.70 
207.20 


5 


*238.90 


6 

7 


t275.45 
317.59 


8 

9 

10 


366.16 

422.21 

t486.81 



*9.5 inchea. 



til inches. 



tlQ.l inches. 



2. Frequency of the Molting Period. 

Next arises the question of the time interval between the sue- 
<5essive molts. Herrick considers several cases of young lobsters 
which have fallen under his observation and concludes that a lobster 
one year old has molted 14 to 17 times and has attained an average 
length of from 2 to 3 inches. Regarding the molting period of larger 
lobsters, Herrick makes reference to Brook ('87). This observer 
kept a female lobster G^J inches long, for 506 days, during which time 
it gained 2 A inches in 4 molts: 
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• ? 6« 

1. July 1, 1883 7A 

2. December 25, 1883 8 

3. July 25, 1884 8}* 

4. November 19, 1884 9,^ 

In consequence Herrick assumes that if a lobster 6 or 7 inches long,, 
kept in the unfavorable conditions of an aquarium, will gain 2^ inches 
in 14 to 17 months, a 6-incA lobster will attain a length of 9 to 10 inches 
in 2 years. He further believes that 5 molts may elapse between the 
3-inch stage and the 6-inch stage; and that these 5 molts can not 
take more than 2 years. As to the rate of growth of lobsters just 
under 3 inches, Herrick mentions a young female lobster which 
measured 51.8 mm. on the 10th of December. If it had lived, 
Herrick thought probable that it would have molted 3 times before the 
following June; and that by this date it would have attained a length 
of over 3 inches. 

He considers that the young lobster probably molts 14 to 17 timet 
during the first year and in this time attains a length of 2 to Z inches, 
which length may be greatly exceeded. Putting all these facts together^ 
Herrick finally concludes that a lobster lOJ inches long is between 4J 
and 5 years old, the higher degree of probability being in favor of the 
smaller number. 

Before considering the data in hand it may be well to examine 
briefly some facts concerning the development of the European 
lobster {Homarus vulgaris) which, though usually somewhat smaller, 
is very similar in other respects to Homarus americanus. 

III. General Observations on the European Lobster 
(Homarus vulgaris). 

There appears to be a wide variation in the reports concerning the 
development of the European lobster. As is the case with the 
American lobster, the early stages may be divided into two groups, 
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the zoea or free-swimming stages, and the megalops, the first stage 
in which the lobster assumes the form and, to some extent, the habits 
of the adult. Next, according to Williamson ('04), comes the megd- 
lops, which seems most comparable to the fourth stage of Homarus 
americanuSj and then the "first-young" stage, so-called, which is 
represented by the fifth stage of the American lobster. Some writers, 
as R. Q. Ck)uch ('43). have assumed the existence of a protozoea stage. 
Chadwick ('05) also has published, according to Williamson, a de- 
scription of a protozoea stage, three zoea stages, a megalops and a 
*' first-young " stage. It would seem probable, however, that there 
may be reasonable doubt of the existence of this protozoea stage, and 
that what the observers have actually seen is but an occasional 
variation which sometimes presents itself in the first zoea stage and 
not a separate stage. 

We note, on the other hand, that such observers as Appell6f ('99- 
'Ol) and Ehrenbaum ('03) make mention only of the stages which 
correspond very nearly with the first stages of Homancs americanus 
as described by Herrick ('95) and the writer ('05). Likewise in the 
reports of the duration of the early stage period of Homarus vulgaris 
there is wide variation. 

Chadwick ('05) states, according to Williamson, that with the 
exception of the protozoea stage, each of the first five stages of the 
European lobster lasts about a week. It seems hardly credible, 
however, that the length of the stage periods should be so nearly 
the same; and especially that the fifth should be no longer than the 
first. Appell6f ('99-'01) and Ehrenbaum ('03), as we shall see, give 
quite different reports regarding the stage periods of the European 
lobster. 

The hatching period for the European lobster extends from the 
middle of July to the middle of September. The first stage lobster, 
according to most observers, is about 8 mm. in length. We have 
examined the drawings made (to scale) by Williamson ('04), and con- 
clude that the lobsters examined by him on the west coast of Scotland 
were, in length, as follows : 

21 
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First zoea stage 8.0 mm. 

Second zoea stage 10 . 7 mm. 

Third zoea stage 12 .2 mm. 

Fourth zoea stage 14.8 mm. 

Megalops stage 15.0 mm. 

First-yoimg stage 17 .4 mm. 

Second-yo\mg stage 17 .0 mm. 

Third-young stage 20 .0 mm. 

The value of this estimate must, however, be lessened because of 
the manner in which it was deduced by the present writer. Accurate 
measurements of the lobsters themselves would, no doubt, have given 
somewhat different results. Concerning the exact length of some of 
these early stages, we can obtain more satisfactory data from Ehren- 
baum ('03) and Appelldf ('99-'01). The latter observed that the 
first stage-period might be as short as five days, but averages six or 
seven days. The results of certain observations made by Appell6f 
and Ehrenbaum on the length and stage periods of Homarus vulgaris 
may be tabulated as follows: 

Table No. 11. 
Showing the rate of development of European lobsters in the early stages. 



AppBixdr. 



|l 



Ehhenbaum. 



Stage period. 



6-7 days 

: 9-10 days 

10-12 days (?) 

23-28 days 

|37 and 62 days. 



Length. 



II 



Stage period. 



8 mm. . 



'4-5 dajrs 

j3-5 days. . . . 

I 10 days 

,| 17 days 

jl 24 days. . . . 

|! 26 days 

' 30 days 

i! 3mo. (?)t. 



Length. 



8 mm. 



12-14 mm. 

16 mm. 

17 mm. 
18-20 mm. 
21-22 mm. 
24 nam. 



*No accurate data on the length of AppeUdTs lobsters are available at time of writing. 

tThese lobsters, four in number, mentioned by Ehrenbaum ('03) were kept in Aquaria in 
water whose temperature was relatively high. This probably accounts for the molting of these 
lobsters (one in February and three in March) during the winter months. As will be shown 
later, this is not usually the case. 
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It is here observed that not only are the stage periods of the Euro- 
pean lobster very long, but the amount of increase in length at each 
molt is relatively small.* 

The periods are so long, in fact, that Appelldf observed that the 
average number of his lobsters had passed through but five stages 
(and were in the sixth) when the on-commg cold weather and the 
consequent lowering of the prevailing temperature of the water put 
an end to their apparent growth. In December, however, Ehren- 
baum's lobsters, raised in the warmer waters of Helgoland, were in 
the seventh stage, and Ehrenbaum concludes that if the young 
lobsters had been hatched earlier in the summer, they would have 
passed into the eighth stage before the cold winter months had come; 
and put an end to the period of growth (Wachsthumsperiode) . 

Thus Ehrenbaum finally concludes that the European lobster molts 
7 or 8 times the first summer and autumn of its existence, and attains 
in this time an average length of 22 to 25 mm. 

Regarding the rate of growth of young lobsters over 8 months old , 
Appelldf observed a few individuals which molted 4 or 5 times during 
their second year of life. Making use of this, and other data, Ehren- 
baum estimates in consequence that a young lobster 1 16 mm. (43 inches) 
in length, is three years old. He formulates the following scheme to 
demonstrate the rate of development. The "periods" refer to the 
periods of growth (Wachsthumsperiode) i. e., in this case, years: 



40 mm. 
50 mm. 
50 mm. 
40 mm. 
40 mm. 



First 


period 


8 to 


25 mm 


Second 




30 to 


70 mm 


Third 




70 to 


120 mm 


Fourth 




120 to 


170 mm 


Fifth 




170 to 


210 mm 


Sixth 




210 to 


250 mm 



From the summation of these facts, we can (having already ob- 
served the data presented by Herrick, page 159 draw the conclusion, 
that the rate of growth of the average European lobster may be less 

*The8e facts will be more evident when a oomparLson is made with the tables which appear 
on subsequent pages. 
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rapid than that of Homarus americanus. This hypothesis will per- 
mit of demonstration in the course of the succeeding pages. 

IV. Observations at Wickford on the First Ten Stages of 

THE Lobster. 

The observations made at the Wickford Station of the Rhode Island 
Fish Commission by the writer and others, though differing to some 
extent from the results obtained by Herrick at Woods Hole, and 
from those of other investigators working with Homarus vulgaris, 
may serve to throw further light upon the rate of growth of lobsters 
under natural conditions of environment, and perhaps give some hint 
as to the value of a few of the conditions which appear to modify it. 
Attention may be first directed to Tables Nos. 25 and 26. The ob- 
servations here recorded were made upon young lobsters in stages 1 
to 12, whose approximate age and definite stage were known. In- 
dividual records were started immediately after the molt from the 
third to the fourth stage and carried through the following stages 
until the last of November. The records include observations upon 
individuals many of which did not live through the later stages be- 
cause of inadequate methods of preservation during the winter 
months. A sufficient number, however, were brought to the twelfth 
stage to give some value to the data on the average size and usual 
duration of the stage periods at this time of life. 

To determine precisely the rate of growth of lobsters in the first 
three stages, few special observations have been made. This is 
because of the fact that when these young lobsters are isolated in 
glass dishes or other receptacles, for particular observation, the rate 
of growth does not appear to be the same as under natural con- 
ditions, but somewhat decreased. For this reason the most valuable 
data on the rate of growth of lobsters in the first three stages are 
gained from observ^ations upon large numbers of lobsters in these 
stages, which have been hatched at approximately the same time 
and develop under more natural conditions in the large hatching 
bags. In order, then, to represent the average rate of development 
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in the first three stages at the Wickford hatchery, the following 
(Table No. 11a), compiled by Mr. E. W. Barnes, Assistant Superin- 
tendent of the Wickford Hatchery of the Rhode Island Commission 
of Inland Fisheries, is presented. 

Table No. 11a. 
Length of Larval Stages in 1905.* 



i 




Ended. 



TSMPERATUBB. 


Number or Dats in Dip- 

FEBKNT StaOBS. 


Ebctremes. 


Average. 


First 
Stage. 


Second 
Stage. 


Third 
Stage. 


63-66 


67.4 


12 


6 


3 


64-66 


67.6 


9 


6 


3 


62-70 


60. 


9 


6 


4 


62-70.6 


61.3 


7 


7 


4 


64-77 


63.3 


7 


4 


4 


64-77 


64.8 


7 


6 


6 


64-77 


66. 


7 


6 


4 


64-77 


66.9 


6 


4 


4 


60-77 


66.8 


6 


4 


4 


60-77 


67. 


6 


4 


4 


62-77 


68. 


6 


3 


6 


61-77 


68. 


4 


3 


6 


61-77 


69. 


6 


3 


6 


61-79 


70. 1 


4 


4 


6 


61-77 


69. 


6 


2 


4 


61-79 


70.7 


5 


2 


4 


64-79 


71. j 


6 


3 


5 


64-79 


71.2 , 


6 


2 


4 


64-79 


71.4 


5 


2 


4 


66-82 


74.4 1 


6 


2 


6 


69-82 


75. 1 


4 


2 


4 


69-82 


74.4 


4 


3 


4 


69-82 


76.1 


4 


2 


4 



ll - 

•9gl 



1 May 21. 

2 JMay 24. 



16 
17 



June 13. 
June 13. 
June 19. 
June 23. 
June 19. 
June 27. 
June 26. 
June 26. 
July 1 . 
June 29. 
July 1 . 
July 6. 
July 7. 
July 11. 
July 6.. 
July 10.. 
July 12.. 
July 13.. 
July 13.. 
July 19.. 
July 19.. 
July 24.. 
IJuly 11 July 24.. 



May 24. 

May 26. 
June 6 . 
June 6. 

10 I June 7. 

11 'June 9. 

12 June 10. 

13 June 12. 

14 'june 16. 

15 June 19. 



June 21. 
June 21. 



18 


June 26 


19 


June 28 


20 


June 29 


21 


June 29 


22 


June 29 


25 


July 6 


26 


July 7 


27 


July 9 



21 
19 
19 
18 
16 
17 
16 
14 
14 
18 
13 
12 
13 
14 
11 
11 
13 
11 
11 
12 
10 
11 
10 



The average number of days in the first stage was 6 and ranged from 4 to 12. 

The average number of dhys in the second stage was 3 and ranged from 2 to 6. 

The average number of days in the third stage was 4 and ranged from 4 to 6. 

The average number of days to reach fourth stage was 43.8 and ranged from 10 to 21. 

"^It must be borne in mind that the different lots were subjected to different conditions 
which mav have had an equal or greater influence than the temperatiu-e in regulating the 
number of days in the various stages. 
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Table No. 25 represents the result of a series of observations upon 
the early stages, conducted during the early summer of 1904 by Dr. 
A. D. Mead, and continued upon the later stages, during the latter 
part of the same summer, by the present writer. In this case the 
lobsters used for the experiment were taken at random from the large 
hatching bags or special cars in which they were confined, and repre- 
sent the normal average size for the simimer of 1904. Table No. 26 
records observations made by the writer during the summer of 1905 
at the Wickford Station. In this case, instead of taking the fourth 
stage lobsters at random, a selection was made of those lobsters upon 
which records were to be started; that is, the small and weak fourth 
stage lobsters were thrown out, while an attempt was made to secure 
those individuals which gave appearance of being larger and stronger. 
A comparison of these two tables reveals some differences which may 
be better brought out by the following tabulations : 
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Reference to the foregoing tables demonstrates several important 
facts. First it will be observed that, though the stage periods of the 
lobsters observed in 1904 are for the most part longer than the stage 
periods of the selected lobsters (1905), the average size for the 1905 
group is much greater. Furthermore it is observed that, while the 
total average increase for stages 4 to 12 in the 1904 group is 18 .4 per 
cent., the average increase for these stages in the 1905 group is 20.9 
per cent.; and that the increase in the case of Herrick's lobsters for 
the same stages is only about 14 per cent. In consequence it is evi- 
dent that there may be great variation in the rate of development in 
different localities and under different conditions. Further, that 
there is a tendency manifested in those individuals which are slightly 
above the normal in size and strength to increase the advantage 
which they have already gained. This advantage in size of the fourth 
stage lobsters may be no more than a millimeter, but this slight gain^ 
compounded through numerous successive stages, gives, even in the 
tenth and eleventh stages, a decided lead which may be observed in 
individuals recorded in Table No. 5 (1905 group). Through the 
courtesy of Mr. V. E. Emmel, the writer is able to append a table 
showing the result of observations upon a few stages of normal 
average lobsters in his keeping for the summer of 1905. 

Table No. 7. 
Showing the size of some normal average lobsters in the summer of 1905.* 



i ' i I I I I 

I Sta«e 4. Sta«e 6. Stage 6. I Stage 7. | Stage 8. Stage 9. Stage 10. 

!_ I I i ' ! I 

I , I 1 i 

AverageSize. 13.7 mm.ilS.S mmJl8.4 mm. 22.2 mm.,22.5 mm. 



Average') j I i | 

Stage- V 14.8 da. 14.3 da. 15.7 da. |17.5 da. 17.5 da. 

period. 3 I ' I 

; 1 ' > 

Per cent. i i | 

of Increase. 1 15.4% 16.3% 20.6% 15.7% 

I I ' : 



*Data from Mr. V. E. Emmel. 
22 
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If this be compared with the relative stages given in Table No. 5 
(1904 group) it will be observed that the average length per stage for 
the normal average of 1905 corresponds very closely with the normal 
average of 1904, although it is less than the average size of the selected 
normals for 1905. It is further evident, however, that the stage 
periods of the 1905 group are, in general, greater. It is difficult to 
assign a reason for this fact other than chance fluctuations in water 
temperatures or the possible effects of light. It has always been ob- 
served that the first four metamorphic changes in the young lobsters 
follow each other in more rapid succession and that in consequence, the 
individuals are larger and more healthy, when the temperature of the 
water is near its maximum. It is during a few weeks in the middle 
of the summer that all lobsters of whatever size experience their most 
rapid growth.* 

On the other hand, as will be shown later, the effect of a strong 
light may exert a harmful influence on the development of the yoimg 
lobsters. In the case of the group last mentioned (see Table No. 5, 
also Nos. 23 and 24) lobsters were kept in open wire cages and not 
protected from the sun's rays nearly as well as the lobsters which 
were confined in the covered wooden cars, and whose records are 
presented in brief in Tables Nos. 5 and 6 (1904 and 1905 groups). 
The difference in the lengths of the stage periods will be readily 
observed. A more detailed treatment of the influence of light upon 
rate of development is undertaken on a later page. 

V. Possible Explanations of the Variations in the Rate of 
Growth of Lobsters Mentioned in the Foregoing Tables. 

It is undoubtedly to such differences in the temperature of the 
water that such a variation as is noticeable in the rate of growth of 
the lobsters observed by Herrick at Woods Hole, and those of other 
groups considered in Tables Nos. 5 and 6 is partly due. It is readily 
noted that not only are the average first stage lobsters at Wickford 

♦See Tables Nos. 18, 19, 20, and 21 . 
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larger than those recorded by Herri ck, but that the percentage of 
increase for nearly all the early stages is greater in the case of the 
Wickford group. In experiments carried on at Orr's Island, Maine, 
where the prevailing summer temperature of the water was only 60*^, 
the fourth stage was not attained short of 25 or 26 days ('03). This 
is over twice as long as the average time required at Wickford to reach 
the same stage when the prevailing water temperature has been 72*^. 
These facts demonstrate how dependent the rate of growth of the 
lobster, at different points of the Atlantic coast, may be (at least 
during the early stages) upon the temperature of the water; hence 
the difficulty of drawing up any strict account of the rate of growth 
applicable to all regions. This subject will be considered again on a 
later page. (See p. 197.) 

A second consideration appears from a glance at Tables Nos. 5, 6, 7, 
and 8. Through the investigations of Emmel ('05) on Homarus it is 
evident that mutilations of one or more appendages, contrary to the 
view of Zeleny ('05), exert great influence, not only in delaying the 
molting periods, but also in diminishing the normal percentage of 
increase in length in each successive molt. This is shown in the 
two following tables:* 



* Whether or not the condition of mutilation and regeneration will decrease the percentage 
of gain in size at the coming molt seema to be more or less dependent upon the time in the ataoe 
period, at which the mutilation takee place. The experiments of Emmel ('05) would appear to 
indicate the fact that the condition of regeneration has less influence upon the rate of increase 
when the mutilation is performed in the early part of the stage period; and vice veraa; that a 
mutilation performed in the middle of the stage period has a greater influence in diminishing 
the amount of increase in sice at the following molt. 
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Table No. 8. 

Data on the molting period of lobsters having one or more regenerating 

appendages.^ 



s 

1 

2 

3 

4 

6 

6 

7 

8 



10 

11 

12 

13 

14 

15 

16 



4th Stage. 



Date. 






5th Stage. 



Date. 



I « 



July 26... j I 11 

July24....|....| 13 
July 27. ...I. ...I 10 



July 28. 
July 27. 
Jub'27. 
July 27. 
July 27. 
July 27. 
July 24. 
July 27.. 
July 26. 
July 26. 
July 27. 
July 27. 
July 27. 



♦Average. 



6th Stage. 



Date. 



Aug. 6.. 
Aug. 6.. 
Aug. 6.. 
Aug. 9.. 
Aug. 0.. 
Aug. 0.. 
Aug. 9.. 
Aug. 9. . 
Aug. 9.. 
Aug. 9.. 
Aug. 9.. 
Aug. 9. . 
Aug. 9.. 
Aug. 9.. 
Aug. 9. . 
Aug. 7.. 



♦Average. 



7th Stage. 



Date. 



Aug. 21.. 
Aug. 23.. 
Aug. 23. 
Aug. 27. 
Aug. 24.. 
Sept. 6.. 
Sept. 6.. 
Aug. 27.. 
Sept. 7. 
Aug. 20.. 



17 
18 
19 
20 
21 
22 
23 
24 



July 12.. 
July 12. 
July 12.. 
July 12.. 
July 12.. 
July 12.. 
July 12.. 
July 12.. 



Average. . 



July 28. 
July 28. 
Aug. 1. 
July 27. 
July 31 . 
July 27. 
July 31. 
July 28.. 



tAveri^e. 



tl2 



t7 

t9 

tlO 



.\ug. 9.. 



Aug. 3.. 
Aug. 10.. 
Aug. 6.. 



da. 11 



I Data from Emmel, ('04). 

*In these sixteen lobsters it will be noticed that the molting period of the 5th and 6 th 
stages was much longer than the normal period. See previous table. 

The average duration of the normal 6th stage was 9^ days, and for the 6th stage 12.7 days, 
but in these regenerating lobsters the average period for the 5th stage was 12 dajrs, and for the 
6th stage 19 days. 

fLobsters 18, 20, 21, and 22 had regenerating appendages in the 4th stage, but had attained 
nearly normal condition during the 5th stage. In this latter stage it will be seen that the molt- 
ing period had dropped back to the normal length of 9^ days. 
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VI. Observations on the Rate of Growth of Lobsters 
Past the Tenth Stage. 

Before we turn to consider how these foregoing observations bear 
upon the probable normal rate of growth of the lobster, it may be 
well to examine data (Tables Nos. 9 and 10) compiled by Dr. A. D. 
Mead and Dr. L. W. Williams on the rate of growth of certain groups 
of lobsters in captivity at the Wickford Station of the Rhode Island 
Commission of Inland Fisheries.* From these observations we can 
gather many valuable points which serve to guide us in the estimation 
of the rate of growth of adolescent lobsters. 

We find that, of 149 young lobsters hatched between June 1 and 
June 26, the average length on September 15 was 31.8 mm., the ex- 
tremes being 44 mm. (hatched June 1) and 20 mm. (hatched June 26). 
Of these 149, about 10 inonths after hatching, 23 individuals gave 
an average length of 50 mm. while June 12, approximately one year 
after hatching, 79 gave an average length of 53.5 mm. A full list 
of the one-year-old lobsters examined stands as follows : 



Group. 


Number of individuals. 


Average length. 


1 


4 


43.0 mm. 


2 


22 


48.2 mm. 


3 


28 


52.7 mm. 


4 


19 


56.0 mm. 


5 


6 


67.0 mm. 


Total Average, 


• 79 


53.5 mm. 



*Froin time to time there have been attempta made at the Wickford Hatchery to raise 
lobsters to sexual maturity. These attempts have not been successful owing to the hard win- 
ters, the ice-packed harbor, and some insufficiencies in the construction or placing of the lob- 
ster oars for winter months. The attempt made by the writer during the winter of 1005-6 to 
keep lobsters in earthenware jars filled with salt water was a failure, owing either to poison- 
ing from the jars or to unevenness in water temperature. The water may be cooled to such 
an extent that it freeses at the surface and no harm is done, but rapid changes appear to 
cause disastrous results. That lobsters kept in a cold and constant temperature require but 
a small amount of water, with infrequent changes, is shown by the fact that a few young lob- 
sters which the writer entrusted for the winter to Mr. E. W. Barnes, and which he kept in a 
■cold room in bottles, (whose width was scarcely greater than the length of the lobsters), passed 
the winter in safety. Of over fifty kept in this way but two died. The others were in good 
condition when again placed in their compartment cars in Wickford Cove about April 1, 1906. 
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TABLE No. 9.* 

Measurements of lobsters hcUched tn 1900, showing growth during first summer^ 
(Each column represents a separate car). 







' 1 Hatched between ' Hatched between 


Hatched May 31. 


Hatched June 10. 


Hatched June 26. May 31 & June 26.1 May 31 & June 26. 


Measured Sept. 15. 
Age 3 J months. 


Measured Sept. 15. 
Age 3 months. 


MeasuredSept.l5.lMea0ured Sept. 15. Measured Sept. 15. 
1 Age 2i months. 'Age ab't 3 months.! Age ab't 3 months. 


i 
mm. Inches. 


mm. 


Inches. 


Tnm. 


Inches. 


mm. 


Inches. 


mm. 


Inches. 


26; ItV 


21 


H 


20 


[ 


19 


2 


20 


i'\ 


30l lA 


22 




21 


20 


ii 


22 




301 lA 


22 


1 


23 




21 


23 


30 lA 
31' IJ 


25 


1 


24 


22 


i 


23 




27 


lA 


25 


1^- 


22 




23 


33, lA 


27 


It', 


25 


1 


22 


1 


24 


33 


ly^ir 


30 


h\ 


26 


lA 


24 


h 


24 


A 


33 


lA 


30 


lA 


26 


lA 


24 


!! 


27 


1 


35 


if 


30 


IV. 


27 


lA 


24 


25 


1 


36 


30i l-h 


27 


1t^« 


25 


1 


26 


lA 


37 


lA 


32: li 


27 


lA 


25 


1 


26 


i>j 


38i U 


321 IJ 


29 


U 


25 


1 


27 


lA 


38| li 


32| IJ 


30 


lA 


25 


1 


28 


li 


39I lA 
44 li 


32 




30 


lA 


25 


1 


28 


li 


33 


1-^ 


31 


iJ 


26 


h\ 


28 


li 


44 l^i 


35 




31 


iJ 


26 


lA 


29 


li 




35 




31 


li 


26 


iVf 


29 


li 


Av. 34.7 li^ 


37 


1^ 


32 


li 


26 


iiV 


30 


It'. 




38 




32 


li 


26 


lA- 


30 


hh 




Total No. 16. 


38 


1) 


33 


lA 


26 


Wt 


31 


n 




40 




34 


lA 


27 


lA 


32 


IJ 




40 




34 


lA 


27 


lA 


34 


It', 




40 




35 


li 


27 


It*, 


34 


lA 




42 


1ft 


35 


i| 


27 


It 


34 


1** 




45 


1} 


36 


i| 


29 


35 


li 

1 








37 


lA 


30 


W( 


35 




Av.32.6 IJ 


37 


iiV 


30 


It 


36 


1 




1 


40 


1} 


32 


37 


\i 








Total No. 25. 


41 


li 


32 


li 


37 






42 


If 


33 


lA 


37 


H» 






46 


i|J 


33 


lA 


37 


iiV 










• 34 


lA 


37 


irt 






Av. 29.9 


i¥« 


35 


li 
li 


37 


lA 










38 


38 


li 










Total No. 31. 


40 


i| 


38 


li 








40 


If 


39 


It*, 








40 


It 












40 


It 


Av.31.8 


li 








43 
44 


1 .1 












m 

1t'» 


Total No. 38. 




Av. 30.1 
















Total No. 39. 







*Mead and Wi aros ('03). 
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By examining Tables Nos. 25 and 26 it will be observed that the 
greater number of lobsters which were hatched between June 1 and 
June 26 (entering the fourth stage June 13 to August 9) were, by the 
first or middle of September, in the ninth stage, and that the average 
length for the normal ninth stage lobster awarding to Table No. 21 is 
32.1 mm. If the average length of 79 individuals one year from 
hatching is 53.5 mm., it would seem (according to the normal average 
percentage of increase for all the earlier stages, 18 per cent.) that 
the yearling lobsters must be in the neighborhood of the twelfth 
stage. It is probable that the growth under these more natural con- 
ditions may be somewhat slower than when the individuals are care- 
fully fed and kept in their own compartments (to be described later). 
Under the latter conditions we occasionally meet with lobsters which 
pass through the first twelve stages before December of the same year 
in which they are hatched. (See Table No. 26, Lobster No. 30.) 
Herrick believed that the normal rate of growth in natural environ- 
ments was more rapid than that obtained in the case of his captive 
lobsters, which were kept in jars having water circulation. It is 
most probable that this is true. The difference is, however, prob- 
ably less than one might expect, since the freedom from injury in 
aquaria must be of decided advantage. We know that the rate of 
growth of lobsters kept in their individual compartments is somewhat 
more rapid than the growth in the large storage cars. The reason for 
this may be the greater liability to injury when many lobsters are 
confined together, and the consequent retardation of the rate of 
growth — a state of affairs which would be in strict accordance with 
natural conditions where the probability of injury is at least equally 
as great. 

The cars (Plate XXXV) in which the young lobsters were placed at entrance 
to the fourth stage, and in which all later observations on individual lobsters 
w^ere carried on, were constructed as follows: Long troughs were built, about 
10 feet long, 10 inches wide, and 10 inches deep, having sides of No. 12 mesh 
galvanized iron wire screening. By means of board partitions the inner 
space was divided into 10 separate compartments in which the young lob- 
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sters were placed and through which (when sunk two-thirds their depth) the 
water made easy circulation by means of the screened sides. The cars were 
provided with hinged covers which served to protect the young lobsters from 
both the sun's rays and waves in periods of rough weather. 

These storage cars, as described by Dr. Mead, were merely "large wooden 
boxes provided with sand, gravel, seaweed, etc., to simulate as closely as 
possible the natural environment. The sides were made of galvanized iron 
screening, which allowed free circulation of the water. During the summer 
the cars were suspended from the houseboat or from floats so that the water 
in them was about 18 inches deep. In the autumn they were provided with 
tight fitting covers and were sunk in the channel, in from 8 to 10 feet of water, 
and left undisturbed until spring. The lobsters were frequently fed during 
the summer, but in the winter no food was given them, al^ough they may 
have obtained some from the water or from the animals which grew in the 
^»^j. 9|c 4c 4c 'pjjg question at once arises, does the rate of growth of those 
lobsters kept in confinement fairly represent the rate of growth in their 
natural environment? It is impossible to answer this question definitely 
at the present time, but the following facts have a bearing upon it : The cars 
seemed to furnish a natural environment, for not only were the lobsters in 
a healthy condition, but seaweed, oysters, clams, shrimps, mussels, tunicates, 
barnacles, various specimens of marine worms and other animals, grew inside 
the cars as rapidly and as normally as in other places." Mead ('03) . 

Thus to summarize: September finds the average lobster hatched the 
previoiLS summer in the ninth stage of his existence^ his length at this 
time being 32 mm. From observations on large numbers of adolescent 
lobsters we have deduced the probable average increase for stages 4 to 12 
as 18.4 per cent. We know that the average size for 79 lobsters, aged 
approximately one year, is 53.5 mm. Applying our estimated per cent, 
/>f increase we deduce that a lobster one year old is generally in the 
twelfth sta^e. The three molts between the ninth and the twelfth 
stage take place between the middle of September and the middle of 
the following May, for records of 23 lobsters show that they had 
attained at the latter date (when approximately 11 months old), 
^%3 of the year's growth. From these considerations it becomes 
evident that the average lobster passes into the tenth stage in the latter 
part of September, and into the eleventh stage during the latter part of 
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October or the first of November; furthermore^ that it lies dormant 
through the months of December ^ January, February, and March, moU- 
ing into the twelfth stage sometime in April or in the first part of May. 
It is entirely possible, however, that under certain conditions the 
young lobsters may enter the tenth stage in October or November 
and undergo two molts in the following spring; but this must be the 
exception rather than the rule. There are some instances (see Tables 
Nos. 25, 26) which have fallen under the writer's observation whereui 
certain individually cared for lobsters passed into even the twelfth 
stage before winter; but as has been said, these cases are excep- 
tional. In any case, this view is rather in contradiction to Herrick's: 
that a lobster under one year old may molt three times between December 
and the foUovnng June, and that a lobster one year old has molted from 
14 to 17 times. 

VII. Observations on the Rate of Growth of Lobsters Over 
One Year Old. 

We will now turn our attention to the rate of growth of lobsters 
over one year old. Herrick mentions the case of 16 young lobsters 
which were driven ashore at Woods Hole after a storm on January 16, 
and whose measurements were from 39 to 83.7 mm. Herrick thinks 
it possible that all may have been hatched during the previous summer, 
in which case none of them could have been over 8 months old. We 
know, however, that the young lobsters, at least in the earlier stages, 
grow more rapidly in Narragansett Bay than in the region of Woods 
Hole'. Hence, since the largest of 79 lobsters one year old reared at 
Wickford was only 79 mm. in length, it is exceedingly doubtful that 
any of the shore-washed lobsters, recorded by Herrick as 83 mm. in 
length, could have been less than one year six months old. In this 
regard the writer would direct attention to records of two yearling 
lobsters raised from the egg, whose approximate age and stage were 
known. 
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Table No. 12. 
Record of the rate of growth of two yearling lobsters* raised at Wickford, R. I. 



Stage 12. 


1 Stage 13. 


Stage 14. 


1 Stage 16. 


IJ 


Date of 
molting to 


S 


1 

GQ 


Date of 

molting 

to 


1 




Date of 

molting 

to 


i 


•c 

1 


Date of 

molting 

to 


i 


1 

1 


May (?). . . . 






1 July 20.. 

1 


53 


33 


Aiicr 9a 


65 57 


Oct. 19.. 


11 




19 9 










1 


May(?) 


48 




July 20.. 


61 


30 j Aug. 20,. 


70 


B5 

• 


1 Oct. 27.. 


84 


.. 21.9 


Average 








57 


1 


67,5 


1 


80.5 


.. 1 20 Q 








1 




1 




1 



*Had not molted again November 28. 
fRather smaller than the average sise. 

We observe from a study of Table No. 10 A, that of 28 yearling 
lobsters (which as we have attempted to show were in the twelfth 
stage and which in this case had an average length of 52.7 mm. on 
June 12) 24 individuals, measured the last of August, had an average 
length of 72.6 mm. This would represent an average gain of 37 per 
cent., and we may infer that approximately 2 molts, each representing 
an increase of about 18 per cent., have taken place. It will be noted 
that the per cent, of gain corresponds very nearly with our average 
computed per cent, of increase, i. e., 18.4 per cent., for the lower stages. 
Thus we assume that the young lobster enters the thirteenth stage some- 
time in July, and the fourteenth stage perhaps in August. Considering 
for a moment Table No. 12, we note that these deductions coincide 
very closely with the facts recorded regarding the rate of growth of 
the two yearling lobsters. 

From Table No. lOA, we obtain the further data that of 24 
lobsters averaging 73 mm. (and in all probability in the fourteenth 
stage the last of August) 17 individuals, when measured on November 
7, had an average length of 87 mm. From this fact we conclude that 
the passage into the fifteenth stage takes place sometime in October, and 
note that the actual average increase in length over the fourteenth 
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stage is in this case 21 per cent. By a consideration of Table No. 
lOA, however, it becomes apparent that several of the lobsters must 
have molted twice within the times of measurement. If we make 
allowance for this fact, the estimated average increase for this stage 
drops to 18 or 19 per cent. This deduction corresponds rather closely 
with the observations recorded in Table No. 12. 

Now it is, that, when we consider the rate of growth during the 
winter months, an interesting fact is observed. In Table No. 10 it 
is shown that in the group of 17 lobsters (probably in the fifteenth 
stage and averaging 87 mm. November 7) 14 individuals which were 
measured the last of the following March had not increased a milli- 
meter in length since the November measurement. This considera- 
tion must have great weight in emphasizing the fact that young 
lobsters, at least those over one year old, do not, under natural conditions, 
molt during the last of November, December, January, February, or 
March; that is to say, the average lobster passes its second vnnter in its 
fifteenth stage, length 86 mm. (3f inches). During the months of April 
and May, however, it appears that the length of the 14 individuals 
last mentioned increased 18.3 per cent. This fact would signify that 
one molt has occurred and that a young lobster two years old is in its 
sixteenth stage, having an average length of 102 mm. (4i^inches). 

VIII. Observations on the Rate of Growth of Lobsters over 

Two Years Old. 

We come now to consider the rate of growth of lobsters over two 
years old. (Stage 16, length 102 mm.) We ascertain from Table 
No. lOB, that by September 10, after the third summer, the average 
length is 122 mm. (4J inches) , showing an increase of about 16 per 
cent, in the 12 individuals examined. Observations made October 
4 reveal no further change in size. From this fact it seems safe to 
believe that the average lobster, two years old, enters the seventeenth stage 
sometime in the late summer of its third year and probably molts again , 
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before the winter months of the same year, into the eighteenth stage, 
experiencing no further change until the following April. 

1. Gradual Diminution in the Percentage of Increase at Molts. 

It is indeed possible, and perhaps probable, that, after the seven- 
teenth or eighteenth stage, the percentage of increase in length for 
each successive stage undergoes a gradual, though slight, diminution. 
If we draw conclusions from observations on the rate of development 
of most of the marine invertebrates, we must believe that in all cases, 
as the size of the individual slowly approximates to the average 
growth limit of the species, the rapidity of development becomes grad- 
ually less. While among those forms which do not grow by means 
of an ecdysis, this fact is evinced by a gradual retardation of the 
growth process, among those animals which do grow by molting, the 
change manifests itself as a gradually increasing period of time between 
successive molts and by a decreasing percentage of gain after each suc- 
cessive molt. And without doubt this natural retardation in the rate 
of growth is somewhat accentuated by the average number of injuries 
to which animals with dispositions so pugnacious are always liable. 

On the subject of the rate of growth of lobsters between 5 and 7 
inches in length we are able to obtain valuable data from Table No. 
10 B, and from other cases which have fallen urider the writer's obser- 
vation. In many instances it is to be regretted that the unfortunate 
and premature death of many very valuable individuals has placed 
some difficulties in the path of observation of certain molts, so that in 
several cases the deductions must appear to a degree speculative. It 
is most probable, however, that the majority of estimates, even in the 
instance of the very large lobsters, do not come far distant from the 
actual facts of the case. If attention be directed to Table No. 10 B, 
column 1, it appears that the individual lobsters under consideration 
did not molt more than once before May 31. Considering that 
lobsters designated a, b, c, d, e, and a', b', c', d', e' are identical, we 
can construct the following table, which should give us some idea of 
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the average per cent, of gain per stage for lobsters about 6 inches in 
length. 

Table No. 13. 
Data on rale of growth of lobsters between 5 and 6 inches raised at Wickford. 



Speoiinen. 


Before Molting. 


After Molting. 


Increase. 


Increase 
percent. 


a-a' 


107 mm. 

Ill 

127 

114 

106 

132 


130 mm. 

130 

149 

128 

123 

144 


23 mm. 

19 

22 

14 

17 

12 


21 5 


b-b' 


17 1 


0-c' 


17 3 


d-d' 


12 2 


e-e' 


15 


or* 


9 






Average 








15.4 



*A lobster which had been measured for other purposes. 

These observations would indicate that the average per cent, of in- 
crease in length for 5 to 6 inch lobsters may be somewhat less than for 
lobsters in earlier stages (l to 17). In all probability the lobsters which 
gave an average of 122 mm. (Table No. 10 B, column No. 4) October 
4, molted once more before the last of November. Unfortunately no 
further records of these lobsters were kept. We know, however, that 
normally they will not molt again until the following April. From 
these considerations it appears reasonable to conclude that a young 
lobster passes its third winter in the eighteenth stage , length 141 mm. 
(5f inches) J molts again in the springy probably in April, and by June 
1 {when approximately three years old) is in its nineteenth stage and has 
an average length of 162 mm. (6i inches). 

In the rate of growth of lobsters over 6 inches in length we may ex- 
pect to find a still smaller percentage of increase at each molt. Our 
data in this case, however, is somewhat limited. Observations upon 
15 young lobsters, whose length varied between 5%6 and 7i%6 
inches, gave results which are embodied in the following table: 
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Table No. 14. 
Data on the rate of growth of mutilated ** chicken'* lobster s.i 



183 



Before Moltins. 


After Molting. 


Average Increase. 


5t\ 


54i 




6| 


6H 




6f 


7A 




71f 


SA 




6H 


7A 




8A 


8H 




7/, 


7A 




7A 


7« 




en 


7A 




7* 


7H 




8A 


9A 




6+* 


7tV 




6«* 


7A 




6H 


7tV 




71? 


8A 








8.5 Per cent. 



fMoet of the individuals in this group of lobsters were intentionally or unintentionally in- 
jured, and were being made use of in the study of regeneration. 
*Represent specimens which were the least injured. 

The foregoing table demonstrates that in this group of lobsters the 
increase in length is only 8.3 per cent. This unexpectedly small 
percentage is no doubt partly due to the fact that the lobsters be- 
longed to a set which was used in experiments in regeneration, and 
nearly every individual possessed two or more regenerating ap- 
pendages; and this fact, as we have already noted in previous cases 
(Table No. 6), may reduce the normal percentage of increase, as was 
the case in the fifth stage, even to 5.3 per cent. We may, perhaps 
with fairness, estimate 10 to 12 per cent, as the actual rate of increase 
for normal lobsters of the size under consideration. It may, however, 
be of advantage to consider the cases of molting lobsters mentioned 
by Brook ('87). The facts in one instance may be tabulated as 
follows: 
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,Table No. 15. 
Showing rate of growth of Brookes lobster, No. 1 . 



No. of Molt. 


Date of Molt. 


Size after Molt. 


Per cent, of Increase. 


1 


(?) 

Julyl 

December 25 

July 25 


6 A inches 




..2 

..3 

..4 


7^^ inches 

8 inches 

8f J inches 


8.0 
11.3 
10 Q 


..5 


November 19* 


9^% inches j 5.7 




Averafire 


. _ . 




9.0 







♦Period, 506 days. 

The observations of Brooks, on another and larger lobster, were 
as follows: 

Table No. 16. 
Showing rate of growth of Brook's lobster, No. 2. 



No. of Molt. 


Date of Molt. 


Size after Molt. 


Per cent, of Increase. 


1 


(?) 


7 A inches 




2 


May 19 


7j| inches 

8jJ inches 


10.4 


3 


September 20 

May 13 


12.6 


4 


9 jy inches 


4.8 


5 


October 13* 


9|J inches 


4.3 








Average 




8.01 



♦Period. 414 days. 

It would appear from the fact^ above outlined that the average 
percentage of increase in the length of these lobsters is very slightly 
greater than those already mentioned in Table No. 14. It must be 
stated, however, that the two lobsters above mentioned belonged to 
the European species (Homarus vulgaris) , and since w^e know^ that this 
species is naturally smaller than the American species, we might 
reasonably expect a less rapid rate of growth; moreover the lobsters 
in question were kept in aquaria, where, as we have noted, the rate of 
growth w^ould probably be a little slower than under natural con- 
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ditions. Thus we must conclude that the percentage of increase in 
the case of Brook's lobsters is slightly less than the normal amount of 
increase for lobsters of the American species of the same size. Herrick 
probably approximates more closely to the actual conditions in the 
table here presented as Table No. 3, wherein he determines 12 per 
cent, as the average increase for lobsters between 5i and llj inches 
in length. If we omit, however, the first, second, and seventh speci- 
mens, an average percentage for the remaining individuals (which 
represent more closely the size under consideration) drops to 11.4. 
This, without doubt, represents, with fair accuracy, the average 
percentage of increase in size for lobsters between 6 and 10 inches in 
length. 

For lobsters over this size the percentage of increase appears to 
be further diminished. Two lobsters of the group mentioned in 
Table No. 3, which were over 11 inches in length, showed an average 
gain of 10.1 per cent. In three European lobsters mentioned by 
Williamson ('04), the amounts of increase were as follows: 

12| inches to 13 inches. 

12i inches to 12J inches. 

9i inches to 10^ inches. 

In all other cases of lobsters between 9i and 12^ inches the amount 
of increase apparent directly after molting* varied between J and f 
inches, showing that even the ultimate amount of gain must have been 
very slight, in all cases under 8 or 9 per cent. We know that the size 
of the European species is less than that of the American, and ap- 
parently the average percentage of gain in all stages is consequently 
diminished. 

2. Application of these Considerations to the Rate of Growth 
of Lobsters Beyond the Nineteenth Stage. 

Let us return now to the consideration of the average lobster which 



*It usually hiM;>pens that, if the lobster be measured directly after molting, there is found but 
a Blight difiPerence in length. It requires some little time, usually a week or more, before the 
lobster attains his full length. 
24 
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we left with a length of 162 mm. (6^ inches) in June, at the begm- 
ning of his fourth year of life, and in the nineteenth stage. From 
our observations and those of Herrick and Brook it would appear 
that a lobster over 6 inches in length does not molt oftener than twice 
a year; once in late spring or early summer and again in the autumn. 
On this point the data of the following observation Would seem to 
present some surprisingly clear evidence. Out of 48 "chicken" 
lobsters (6-8 inches) which were confined in cars during the summer 
months of 1904 at Wickford, it was a noteworthy fact that eleven 
lobsters from 6 to 7 inches in length molted between September 2 
and October 4; that only one 6-inch lobster molted later in October, 
and not one in July or August. The lobsters were received early in 
July, and unfortunately it Is not known exactly when the previous 
molt of the 6-inch lobsters took place, but it must have been in the 
early summer. The greater number of these lobsters were later more 
or less mutilated for experiments in regeneration, and the record of 
only 15 has been presented in Table No. 14. The molting period^ 
however, was undoubtedly about normal, although, as already stated, 
the percentage of increase in size at each molt was somewhat less than 
what we must assume for normal. According to the above inferences, 
then, the average lobster will enter the twentieth stage sometime in the 
autumn of his fourth year and at this moU tvill increase from 162 mm. 
(6i inches) to 180 mm. (7} inches). In the late spring or early sum- 
mer the young lobster, now approximately four years old, molts for the 
twentieth time and enters the twenty-first stage with a length of 200 
mm. (8 inches). 

IX. Differences in the Rate of Growth of the Male and 

Female Lobster. 

1 . Lobsters under Eleven Inches in Length. 

Except in the case of young female lobsters bearing eggs — and such 
are very seldom found in the 8-inch length — ^we may expect another 
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molt the following autumn and vdll find the lobster in the twenty-second 
stage with a length of 222 mm. (8 J inches). From Mr. E. W. Barnes, 
the Superintendent of the Wickford Station of the Rhode Islatd 
Commission of Inland Fisheries, the writer has learned that out of 
many hundred female lobsters which he examined in the years 1902 
to 1905, the smaUest lobster which bore eggs was 8} inches long. 
There were very few lobsters under 9 inches long which were "in 
berry. " Thus we may conclude that the molting periods for males and 
females remain about the same until they are past the 9-inch length. 
Therefore we may believe that the entrance to the twenty-third stage, 
with the corresponding length of 247 mm. (9 J inches) y takes place just 
before (or at any rate very soon after) the lobster becomes five years old. 
According to statistics furnished by Mr. Barnes, there are few female 
lobsters which attain the 10-inch length that do not bear eggs; and 
thus in the case of the females the rate of growth from this time on must 
be much diminished. 

It is a well-known fact that the female lobsters extrude their eggs 
but once in two years, and that the green or unripe eggs are carried 
about for a period of 11 or 12 months before hatching. Although 
there are a few cases in which the female lobster is said to have 
nlolted just before spawning, the greater number of observations point 
to the fact that, in general, the molting period of the mature female 
lobster is limited to a longer or shorter period of time directly follow- 
ing the hatching of the eggs. Consequently, since spawning occurs 
but once in two years, the molting process can not occur oftener than 
this; and the rate of growth is correspondingly diminished. This 
fact is quite in accord wdth what we know of the cessation of growth 
that is observable in many marine forms just previous to the spawning 
period. After the extrusion of the eggs growth again commences and 
continues until the approach of the next spawning period. The male 
lobster, on the other hand, maintains the former rate of development; 
so that, by the twenty-fourth stage, the average male has attained the 
length of 275 mm. (11 inches) and must be at least 6 years of age; 
in the case of the female lobster which has borne eggs from the ninth 
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^tage, the ll-inch limit can not be reached before 8 years or more, the 
higher degree of ^probability being in favor of the larger estimate.* 

2. Lobsters over Eleven Inches in Length, 

This discrepancy in the relative rate of development of male and 
female lobsters makes itself more evident as a possible explanation 
of a phenomenon observable in the case of very large lobsters which 
have been caught from time to time in both European and American 
waters. In nearly all mstances in which the sex has been observed, 
these "giant " lobsters have been males. Herrick makes note of this 
fact. Observations made by G. Browne Goode ('84), in 1880 on the 
length of lobsters in the region of Provmcetown, Mass., revealed the 
fact that, while the largest male lobsters gave an average length of 
18 to 22 inches, the females measured only from 15 to 16 inches. All 
the "giant'' lobsters from Rhode Island waters which have come 
within the writer's observation have been of the male sex. From 
other localities also there are available numerous statistics to show 
that the largest lobsters caught have, with hardly an exception, been 
males. A list of these is presented on a later page. (Table No. 17.) 

It is indeed probable that, in these days when the lobster fisheries 
are being driven to the uttermost, there are few female lobsters which 
are able to escape the pots during the course of the many years that 
are necessary for the growth of the female lobster even to a length of 
16 inches. As Bumpus ('99) has observed, there are few chances for 
the continuance of the life of any lobsters over marketable size. This 
condition of affairs is doubly apparent when we note that of 479 
tagged lobsters liberated in the neighborhood of Woods Hole during 
the summer of 1898, 76 individuals, and probably more,t were 
recaptured within a period of 4 months, and that in single instances 

*We observe that AppeU6f ('99) concludes that it requires 6 or 7 veans for a lobster to reach 
sexual maturity (8i inches) on the west coast of Norway, and that the number of moltfl which 
have been experienced to that time is 17 to 19. Meek C04), on the other hand, ooncludee that 
a lobster 9 to 10 inches long is 4 or 5 years old. 

tThe facts that many tags were undoubtedly lost, either through accident or by the molting 
of the lobster, and that several fisherman failed to make any report of tagged lobsters which 
they had captured, make it extremely probable that more than the 76 lobsters bearing the tags 
fell mto the nands of the lobster fisherman within the time scheduled. 
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«ven 20 to 30 per cent, of the liberated lobsters were recaught in less 
than 3 months.* When we seriously consider such facts as these, and 
realize that a female lobster which has had the rare good fortune to 
live to attain a length of 15 inches will produce on an average 7 times 
the number of eggs laid by a 9-inch lobster, it is a question whether 
State legislation should protect only the young and often sexually 
immature lobsters whose productivity is so much less than that of 
the older and larger individuals — individuals in whom life is cut short 
long before the period of maximum generative ability has been 
reached. It is not at all probable that the lobster problem will ever 
be solved by protecting the lobster in its earlier years alone; nor yet 
by protecting it only in its old age. Perhaps the time has come when 
there should be both a maximum and a minimum size Umit between 
which lobsters may be taken. There seems to be no other method 
of legislation whereby it is possible to effectually combine the highest 
value of the lobster fisheries to man with the maximum advantage 
to the lobster itself. 

X. Observations on "Giant" Lobsters. 

Except the facts presented in the last section, concerning the very 
large or "giant" lobsters no accurate data regarding the rate of 
growth is at hand. We are at liberty to believe, however, that by 
the time a male lobster has attained a length of 10 inches, and per- 
chance earlier, it does not molt oftener than once in a year; and after 
the 15-inch limit not oftener than once in two years. 

This estimate of the frequency of molting is less than that accepted by 
most observers. Sars ('77) wrote concerning the European lobster, "The 
lobster changes its skin once a year as long as it grows; when it has ceased 
growing the changing does not occur so often." It is reasonable to believe, 
however, that the frequency of the molting period for all lobsters does not 
differ greatly from the frequency of molting in the case of other aged macru' 

*In European waters it has been estimated, according to Ehrenbaum ('03), that of large 
number of lobsters liberated 40 per cent, were recaught within a period of 9 months; and that 
in 2i years 65 per cent, of them had again come into the pots of the lobster fishermen. 
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rans, such as many of the larger species of Palinurus. Among the latter we* 
find such instances as that of Palinurus Lfolandii in whose deeply corrugated 
shell we observe the calcerous tubes of generations of tube dwelling worms. 
This is indicative of the fact that even in the more aged of these smaller 
nuuTurans the interval between the molting periods must be extremely long. 
Similar evidences are to be found in the examination of such forms as Loeor- 
rhynchus crispatus of the Pacific coast, whose shell forms the dwelling place 
of a host of marine animals. 

It is needless to say that among the lobster fishermen themselves 
there are widely varying views on the subject of the age of lobsters. 
While some will maintain that a lobster attains a marketable size ia 
two years, as many others will affirm, with equal sincerity, that at least 
a dozen years are necessary. The old records of the size of large 
lobsters are also exceedingly unreliable. As is the case with many 
marine forms, the few correct reports have become so modified by 
hearsay and generous repetition, and the few reliable observations 
have become so interwoven with early and uncertain tradition of 
monster lobsters, that our exact knowledge of " giant " lobsters is 
necessarily limited. We know that the European species is smaller 
than the American; yet according to Boeck ('69), Pontoppidans, the 
old Norwegian naturalist, records* a huge specimen from the Bay 
of Evien which was so large and fierce that nobody dared to attack it; 
and that between the claws it measured at least a fathom. Herrick 
repeats the tale of Olaus Magnusf regarding the lobsters that lived 
between the Orkneys and the Hebrides, so large that they could 
easily catch and squeeze in their claws strong swimmers. Such re- 
ports as these can be attributed only to superstitious belief which at 
all times has played havoc with reliable reports regarding the size 
and habits of many marine animals. 

A lobster as large as the individual represented in Plate XXXIV 
can not be less than 14 years old and is, in all probability, more. The 
profusion of marine fauna and flora always found attached to the 
shells of aged lobsters bears testimony to a life of inactivity and is 

*" Norges Naturlige Hbtorie," Kopenhagen, 1753. 
tHistoria de Gentibus Septentrionalibus, Rome, 1555. 
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indicative of the fact that a great time must elapse between succes- 
sive molts. It is true that vast colonies of barnacles and hydroids 
and alg® and tube-dwelling worms may be developed in a single sea- 
son, but it is not probable that the excessive growth of these forms, 
found on the shells of huge lobsters and other aged macrurans, can 
be interpreted as the result of a single season's setting. 

One of the largest lobsters of which accurate data is available is 
spoken of by Herrick. Its length was somewhat over 20 inches and 
its weight 23 pounds. In December, 1905, a huge specimen was 
captured in a fishing trawl outside of the mussel ridges of Rockland, 
Maine. This lobster is said to have measured 22 J inches and to have 
weighed 19^ pounds. The fishermen who saw this lobster believed 
that it was at least 50 years old. This is, wuth little doubt, an over- 
estimate, though it is entirely probable that its age was in the neigh- 
borhood of 30 years. The largest lobsters from Rhode Island waters 
which have come ivithin the writer's personal observation were 18 J 
and 19i inches long and weighed 11 J and 19 pounds, respectively. 
This would seem to indicate that a very slight difference in the length 
of these large lobsters may be accompanied by a great difference in 
the weight, although the greater number of recorded lobsters over 20 
inches long remain very close to a certain average weight. This fact 
is readily observed from most of the records which have been made 
of "giant'' lobsters, as w411 be noted in Table No. 17. It is also ap- 
parent that, as Herrick has already suggested, the increase in the 
weight of the lobster is chiefly the result of gain in the size of the 
claws, while the body itself may experience but slight change in 
length. Ehrenbaum ('94) mentions the case of a lobster 42.2 cm. 
(16| inches) long, which gained scarcely a millimeter in length at a 
molt. Other cases of a similar nature are reported. Though our 
data on this point are too meagre to warrant far-reaching conclusions, 
it is fair to judge that the amount of increase for "giant" lobsters is 
not over 4 per cent, at the most, and that the molting process does not 
occur oftener than once in several years. According to. this estimate , 
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few of the lobsters mentioned in Table No. 17 can be less than 20 years 
old, and the majority must be much older. 

Table No. 17. 

Giving statistics concerning some of the **giani^^ lobsters of both European and 

American species. 



Place Captured. 



Date. 



Length. 



Weight. 



Length of 

'Crushing" 

Claw. 



Length of 

"Nipping" 

Claw. 



Sex. 



1 ISalem, Mass.^ 

2 Europe^ 
3 
4 
5 
6 
7 



1850 



'Coast of Norway^ 
|Boothbay, Me.^ 



8 

9 

10 

11 

12 



Belfast, Me.^ . . . 

Lubec, Me 

Provincetown, 

Mass.^ 

Criehaven, Me.* . . 
Newport, R. I.*. . 
Mohegan Island, 

Me.' 

Narragansett 

Bay,R.I.... 
Rockland, Me... 



1850-56 
1856 
1891 
1892 

1894. 

1898 

1898 

1899 

1903 
1905 



21} in. 
19.4 in. 
18.73 in. 
20Jin. 
20 in. 
20Jin. 



20-22 lbs 
20-23 lbs. 
10 lbs. 
20-22 lbs. 
23 lbs. 
20-22 lbs. 



12i in. 
13.1 in. 
10.23 in. 
12iin. 
13i in. 
m in. 



20.21 in.j 

25 in. ,25 lbs. 
19} in. 19 lbs. 



12»in. 
12.4 in. 
10.03in. 
131 in.* 
14 in.* 
11} in.* 



44in.t 

18} in. 
22} in. 



11} in. llj in, 



11} lbs. 
19} lbs. 



9} in. 



Male. 
Male. 
Male. 
Male. 
Male. 
Male. 

Male. 
Male. 
Male. 



Male. 
Male. 



* Measurement from tip of spine near proximal end. 

t Total length including claws. The body length must have been about 24 inches. 

iThis specimen is mentioned by Herrick, who also made an estimate of the weight. It is 
believed to be of the Europeui species, and is now preserved in the Museum of the Academy 
of Natural Sciences of Philadelphia. 

* Mentioned by Herrick, on the authority of Dr. Sounberg, of the University of Upsala. 
This specimen is now in the Bergen Museum. 

* All mentioned by Herrick, in whose work on the American Lobster more detailed data 
in measurements may be secured. The Belfast lobster is now preserved in the Museum of 
Adelbert College, Cleveland, Ohio. The Provincetown lobster is now at the St. Nicholas 
Hotel, Boston, Mass. 

* This specimen was caught entangled in a fish trap near Newport, and is now in the pos> 
session of the R. I. Commission of Inland Fisheries. 

* This is a case mentioned by Cobb CW) on the authority of R. F. Crie & Sons, of Crie- 
haven, Maine. The specimen was caught in a hake trawl off Blanticus Rook Lii^t, Maine, ia 
60 fathoms of water. 

*This lobster was seen by Cobb, at Peak Island, Bffaine, in 1899. It was caught off Mohe- 
gan Island, and the fisherman was drawing it about the country in a car, and charging a 
small fee for inspection. 



Digitized by 



Google 



REPORT OF COMMISSIONERS OF INLAND FISHERIES. 193 

XI. Summary of Facts Thus Far Considered. 

In order to present in a clearer and more tangible form a summarized 
statement of the facts contained in the forfegoing pages, the writer 
has made out the following table, which is based upon the observations 
already considered and, when they have been wanting, upon pure 
deduction. The very great variation in the size of lobsters, even of 
the same age and stage, renders it well-nigh impossible to tell ofif-hand, 
by any known means, the exact age of any adult lobster. On the 
other hand, the size of large numbers of individuals of a certain age 
must form a general average, on a basis of which, the age of a group 
of lobsters can be determined with a very fair degree of certainty. 
It is this average, together with the correlated age, which the writer 
attempts to formulate in the following table: 
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XII. Influences Which Determine the Rate of Growth. 
Inherited Physiological Condition. 

Before leaving the subject it is not inappropriate to consider briefly 
the influences which may modify the rate of growth of the lobster 
imder both artificial and natural conditions. Among these we may 
expect to find such factors as temperature, light, food supply, parasUes, 
injuries, and certain individual or group peculiarities which, a^ is the 
case with so many other forms, must he attribvied to inherited physio- 
logical conditions; for there are breeds of large and small lobsters just 
as truly as there are varieties of large and undersized individuals of 
the human race. These differences may be observed even in the egg, 
and can be traced through successive stages in which the characteris- 
tics in question are manifested either by producing large or small, 
regular or malformed, individuals.* 

Provided that the food supply is adequate, it is probable thai water 
temperature is the influence which most modifies the rate of growth of 
young lobsters under both natural and artificial conditions. This influence 
may produce a difference in the rate of growth, not only of small groups 
of lobsters at different times in the same season and in the same lo- 
cality, but also of larger groups of lobsters in different localities where 
they are subjected to still greater differences in the prevailing water 
temperatures. The results of individual or group physiological con- 
stitution are no doubt partly due to hereditary causes, and are mani- 
fested in the difference in size and condition of lobsters when all other 
factors are equal. These results may, however, often be obscured 
by the influence of temperature, food, or, in the case of artificially 
reared lobsters, by other subtle influences, such as light or physical 
environment, etc. These facts are demonstrated by a comparison 
of Tables Nos. 25 and 26. That one of these groups of lobsters (Table 



^Althoush we know that there U a great variation in the normal aiie of the mature en, 
there still remains a question to be answered as to whether the prevailing temperature of Uie 
water shortly previous to the time of hatching may not exert an important influence in deter- 
mining the size and condition of young lobsters directly after hatching. 
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No. 26) was made up of selected individuals enabled it to gain at once 
an advantage which was never again lost. On the other hand, many 
instances have fallen beneath the observation of the writer in which 
the majority of young larva, hatching from the eggs of certain lobsters, 
were peculiarly deformed, usually with respect to the thoracic ap- 
pendages. 

Among such lobsters are found great mortalities at the critical 
molting periods, and although the writer was successful in raising a 
few such individuals into the later stages, each successive molt was 
accompanied by greater discomfiture until most of the spe(5imen» 
died in later molting periods. Those that lived always remained 
weak and undersized. There were, however, many lobsters which, 
without showing any signs of malformation, were naturally small and 
stunted, and whose rate of growth was extremely slow throughout 
all stages upon which observations were made. This was true, 
moreover, not alone at times when the water temperature was low, 
but even when all conditions seemed most favorable to a full and 
rapid development. Lea\nng, for the time being, further considera- 
tion of the influences of injury and food supply, it is our intention 
to proceed directly to a brief discussion of the influence of temperature 
and light upon the rate of development of the young lobster. 

XIII. The Influence of Temperature. 

It may be said that the rate of development of the lobster from 
the beginning of embryonic life through the early adolescent stages 
is, provided the food supply be adequate, more fully determined by 
the prevailing temperature of the water than by any other one factor. 
It has been shown again and again that the eggs which mature during 
the colder part of the season and in cooler waters give rise to in- 
dividuals which are distinctly undersized, and whose growth is corre- 
• spondingly slow throughout the remainder of the season. As Mead 
('02) has already clearly shown, the influence of the temperature ia 
most effective upon lobsters in the larval stages. In this regard the 
following table is self-explanatory. 
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Table No. 19. 

Showing the effect of variation of temperature upon the rale of development of 
lobster fry of the first three stages at Widcford, R. /. 



Experiment. 



DUHATION OF THE FIR8T ThBEE StaOES. 



Average 
Temperature. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 



16 days 
15 days. 
13 days. 
13 days 
13 days, 
10 days 
12 days 
12 days 

10 days, 
9 days, 

11 days 



65*»F. 
66^ F. 
68** F. 
68° F. 
69° F. 
70° F. 
72° F. 
72° F. 
72° F. 
72° F. 
73° F. 



The following table, compiled from data furnished by my friend 
V. E. Emmel, demonstrates readily the difference in the rates of 
growth of two groups of lobsters in the fourth stage at different 
periods of the summer. It is readily observed that the period of 
least rapid growth is contemporary with the time of lowest water 
temperature. 



Table No. 20. 

\. 

Showing the differences in the rale of development of two groups of fourth stage 
lobsters under different conditions of water temperature. 



<xROUP. 



^•3 
1^ 



42 
27 



III 

m 



71.1° 
75.5° 



Is. 



79° 
82° 



! 



68° 
74° 






July 21. 
July 8. 



5-s 



Aug. 5. 
July 20. 






15-4 days. 
12.0 days. 



We would, in this connection, call attention to the very much less 
rapid development of lobsters in these same stages at the hatchery 
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of the United States Fish Commission at Woods Hole, due to the 
much lower temperature of the water prevailing in the latter region. 
This fact is shown by the following table: 



Table No. 21. 



Showing the effect of temperature upon the rate of development of lobsters in 
the first three stages at Woods Hole. 




1 
2 
3 
4 



25 days 
21 days 
25 days 
23 days 



60.0** F. 
59.5* F. 
60.0** F. 
59.8** F. 



Dannevig ('01) has found also, in his experience with the European 
lobster, that alterations in the temperature of the water make great 
differences in the frequency of the molting periods. From him we 
translate the following to demonstrate the influences of water tem- 
perature upon the rapidity of the first two molting processes during 
a period of 9 days: 

Water at 8-10^ C, no molts. 
Water at 12** C, one molt completed. 
Water at 14^ C, second molt begun. 
Water at 16-22^ C, second molt completed. 

The following table demonstrates the difference in the rate of 
growth of lobsters at different points on the Atlantic seaboard: 
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Table No. 22.* 

Showing the effect of different prevailing temperatures al various 
points on the Atlantic coast. 



LocaUty. 


Temperature of Water. 


Time Required for 
First Three Stages. 


Orrs Island. Me 


57°-63° F. 
63°-65° F. 
65° F. 
72° F. 
76° F. 


25-26 days. 
22-25 days. 
16 days. 
9 days. 
10 days. 


Woods Hole, Mass 


Wickford, R. I 


Wickford, R. I 


Annisquam, R.I 





♦Gorham ('03). 

The temperature has a marked effect, not only upon the frequency 
of molting, but also upon the relative increase in size per molt. This 
result is reached, no doubt, by the stimulation or lack of stimulation 
of the general metabolic processes which seem to be checked by an 
unfavorably low temperature, as is the case during the cold winter 
months. A better conception of the outcome of these circumstances 
may be obtained by observing the data presented in Table No. 6, 
although all the facts which have been recorded to demonstrate the 
difference in size (stage for stage) of the Woods Hole and the Wick- 
ford lobsters have an important bearing in this connection. It is, 
moreover, often noticeable that one stage-period in the early develop- 
ment of the lobster may be briefer, instead of longer, than the stage- 
period preceding. This has usually been observed in connection with 
the fourth and fifth stage- periods. No reason has previously been 
given to account for this phenomenon. In these particular instances, 
however, it is clear that the unusually brief stage-periods are coinci- 
dent with the period of maximum water tempemture. For illus- 
tration attention may be directed to Tables Nos. 5, 6, and 25. Here 
it is seen that, though the fifth stage-period for the normal 1904 
lobsters is 9.5 days, the fourth stage-period is 12 days. Records show 
that the highest prevailing temperature for the summer of that year 
occurred between July 11th and 23rd, which was the time when the 
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majority of lobsters were passing through the fifth stage. We further 
notice in this regard that, while the average amount of increase for the 
fourth stage lobsters was 15 per cent., the gain in length for the fifth 
stage individuals was 20 per cent.; which again goes to show that the 
highest percentage of increase per molt may be coupled with the 
briefest stage-periods. 

XIV. Regarding the Probable Difference in Age of Woods 
Hole and Wickford Lobsters at Maturity. 

It is very probable that the lobsters in the region of Narragansett 
Bi.y, and other waters of a correspondingly high temperature, attain 
a marketable size somewhat sooner than along the coasts of Massa- 
chusetts or Maine (the so-called '^home of the lobster'') • Facts 
which would seem to warrant such a view may be obtained by ex- 
amining the tables showing the rate of growth of Herrick's Woods 
Hole lobsters and by inferences which can be drawn from Table No. 
22. In Herricks Woods Hole lobsters (stages 1 to 10) the average 
amount of increase per stage was approximately 14 per cent. We 
already know that, as a rule, the average percentage of gain in length, 
per stage, is never, in the later life of the lobster, greater than in the 
first 10 stages; and that on the other hand, there is, after the eigh- 
teenth stage, a gradual diminution in the rate of increase.* 

If we conclude, as Herrick does, that 15.3 per cent, represents ac- 
curately the average amount of increase per stage for lobsters under 
natural conditions at Woods Hole, and if we assume that the facts 
stated in Table No. 18 regarding the frequency of molting are accurate, 
then we are forced to the conclusion that the average Woods Hole 



^It might be inferred that the percentage of increase in length of the older Woods Hole 
lobsters would, as in the case of the early stages, be diminished as a result of the low temperature. 
It is most probable, however, that the rate of growth of lobsters beyond the eighteenth stage 
undergoes no great modification from the effect of water temperature. This influence is most 
effectire in the summer months and for lobsters whose stage periods is relatively brief. Since 
we believe, as already stated, that groups of middle-aged lobsters in regions of different pre- 
vailing water temperatures correspond rather closely with one another as regards both the 
number and the periods of molting, and also as regards the increase in size at each molt, we may 
still interpret the time of successive molts of Woods Hole lobsters of later stages in the light of 
the estimates presented in Table No. 18. 
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or Maine lobster of the male sex which has attained the length of 11 
inches, is in the neighborhood of 8 years old, and that the female lob- 
ster of this size is perhaps 11 or 12 years old. 

If, however, we still accept 15.3 per cent, as the actual rate of in- 
crease in length for the earlier stages alone (as Herrick does), and. 
on the other hand (assuming that 28 mm. (1| inches) as ascertained 
by Herrick, represents about the average size of the tenth stage 
Woods Hole lobsters), make allowance for the diminution which we 
know takes place in the rate of increase beyond the eighteenth stage, 
w^e arrive at the somewhat absurd conclusion that the Woods Hole 
lobsters of the male sex and 11 inches in length can be no less than 
15 or 16 years old ! Very apparently there is some flaw in our reason- 
ing. Either Herrick started his experiments with undersized eggs 
(very improbable), or the normal rate of growth for Woods Hole 
lobsters, under natural conditions, is for some reason far greater than 
that deduced by Herrick from the study of his young lobsters con- 
fined in glass jars (very probable), or we have not correctly estimated 
the number of molts which (up to the twenty-sixth stage) occur 
within the length of time specified in Table No. 18 (improbable). 
There can be little doubt that the discrepancy lies in the second of 
the above mentioned hypotheses, namely, that 15.3 per cent, does not 
accurately represent the average rate of increase in length for lobsters 
in the first 18 stages, under natural conditions at Woods Hole; fur- 
thermore, that certainly 15.3 per cent, is an overestimate of the 
average rate of increase for lobsters past the eighteenth stage, in 
whatever locality they may be. The fact may here be emphasized 
that the most accurate possible data on the rate of growth of the 
lobster for the first 12 or 14 stages is absolutely necessary for any correct 
estimate of the size and age of adult lobsters; for it is upon these first 
stages, so quickly passed, that the influences of which we have been 
speaking have their greatest, perhaps their only, effect. Such data 
we now, for the first time, have in hand, and, as we have already 
shown, the rate of increase for Wickford lobsters in these earlier 
stages amounts to 18.4 per cent. 
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In view of the fact that there are no such data at hand to show 
the rate of growth of lobsters under natural conditions of environ- 
ment at Woods Hole, we are unable to determine the actual percent- 
age of increase for the average lobster in Massachusetts waters. The 
longer duration of the stage-periods in Woods Hole lobsters, however, 
would almost preclude the possibility of the amount of increase under 
natural conditions attaining 18.4 per cent, per stage, as at Wickford, 
for it appears to be a general rule that the longer the stage-period the 
less will be the percentage of increase at the molt. We are thus led to 
the conclusion that the average male lobster of the Massachusetts or the 
Maine coast does not attain the 1 1-inch length before he is 7 years of 
age; and that the female lobster of this length is at least 9 years old; 
while, as we have seen, the Wickford lobster of the same size, if a male, 
is hut 6 years old, and the female is not less than 8.* 

According to the foregoing view it might be inferred that lobsters 
would be more plentiful or larger at the present time in Rhode Island 
waters than in regions where the prevailing temperature is lower. 
And indeed this view would appear reasonable, did we not take into 
consideration, first, the great difference in the character of the coast 
in the case of Narragansett Bay shores and those of Maine; and 
secondly, the factor of lobster fishing, which is developed to a pro- 
portionately greater extent along the southern New England coast. 
The coast of Maine is more favorable to the carrying on of a great 
lobster fishery, not only because its rocky character provides greater 
protection for lobsters in the early stages, but also because its great 
extent furnishes a relatively wider field for the industry. The coast 
of southern New England, on the other hand, is generally charac- 
terized by sandy or pebbly beaches sloping gradually into the deeper 
water. Here also the shore line is more regular, not being frequently 
indented with the many inlets so characteristic of the northern 

♦In this regard it may be appropriate to say that it is not at all to be doubted that, under 
proper artificial conditions, wherein the food supply is adequate and the temperature at a maxi- 
mum throughout the year, the rate of growth of the lobster might be so hastened that the 
marketable size (9 inches in Rhode Island) could be attained in a period of four years and per- 
haps less. 
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shores. To these differences is to be attributed the greater depletion 
of lobsters observable in the southern New England fishing grounds. 
In consideration of these facts it is not difficult to see the need of such 
means of artificial propagation as has been instituted and carried on 
so successfully by Dr. A. D. Mead of the Rhode Island Commission 
of Inland Fisheries. 

XV. The Influence of Light. 

Another point which must be touched upon is the influence of light 
upon the rapidity of development. The lobster is naturally a noc- 
turnal animal, or at least he is an individual whose habits of life 
seldom lead him out of the twilight or darkness of his natural haunts. 
In captivity, at least, it appears that he is most active after dark. 
He naturally dwells in .the cracks and crevices of the most rocky 
shores, seldom venturing forth except in search of food, which, when 
found nearby, will be dragged back into the retreat and there de- 
voured. The stronger the light, the more cautious and seclusive 
becomes the lobster; and we have observed many cases of adolescent 
lobsters which would not, though in an apparently famished con- 
dition, take a morsel of clam while in the bright sunlight. That a 
strong light must exercise a disagreeable effect upon them is evinced 
(in all stages after the fourth) by their efforts to retreat from its rays. 
During exposure they wander nervously about their cars until they 
find a dark spot, when they at once cease their activity and remain 
quiet so long as undisturbed.* The presence of a stimulus which is 
able to produce such definite reactions as does light can not fail to 
be of decided advantage or disadvantage to the animal concerned. 
In consideration of these facts, believing that the intense midday 
light of midsummer must be disadvantageous to the young lobsters, 
covers were provided for all the cars in which experiments were being 

*This subject of light influence upon the young lobsters has been treated more fully in 
special article, " Observations upon Some Influences of Light on the Larval and Early Adoles- 
cent Stages of the American Lobster," which will be found later on in this report, page 290, 
Hadley ('06); and also in an article in Science, Hadley ('05). 
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-conducted, thus producing in each compartment the effect of twi- 
light. There are no very definite data to show that this condition 
did actually create an advantageous influence upon the growth of 
the young lobsters. It is a noteworthy fact, however, that in the 
case of other lobsters from the same source, but which were confined 
in wire cages without covers, the stage-periods were, as a rule, longer 
and the percentage of increase correspondingly less. The results that 
have been obtained, though too few^ to warrant definite conclusions* 
are stated in the following tables: 

Table Xo. 23. 

Shounng the effect of sunlight upon the duration of the stage-period of 
fourth stage lobsters. 





In Sunlight. 






In Twilight. 




Date of Molt to 


Date of Molt to 


Stage- 


Date of Molt to 


1 
Date of Molt to i 


Stage- 


4th Stage. 


5th Stage. 


Period. 


4th Stage. 


5th Stage. i 


Period. 


July 23 


July 7.... 


14 days. . 


July 23 


July(l) 


(8) days. 


July 23 


July 7.... 


14 days. . 


July 23 


July 5 


12 days. 


July 23 


July 8.... 


15 days. . 


July 23 


July 3 


10 days. 


July 23 


July 9.... 


16 days. . 


July 23 


July 5 


12 days. 


July 23 


July 10. ... 


17 days.. 


July 23 


July 6 


13 days. 


July 23 


July 5... 


12 days.. 


July 23 


July 6 


13 days. 


July 23 


July 6. ... 


13 days. . 


July 23 


July 5 


12 day.s. 


July 23 


July (15) . . . 


(22) days.. 


July 23 


July 5 


12 days. 


July 23 


July 6... 


13 days.. 


July 23 


July 6 


13 days. 


July 23 


July 6... 


13 days.. 


July 23 


July 6 


13 days. 


July 23 

July 23 


July 10.... 
July 8 ... 

Juiy 10 

July 6.... 


17 days. . 




1 




15 days. . 




1 


July 23 


17 days.. 






July 23 


13 days. . 












Average. 


14.5 days. 


Average 


1 


12.2 days. 
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Table No. 24. 

*Showing the effect of sunlight upon the percentage of increase in 
size of fourth stage lobsters. 



In Sunlight. 



I' 



Fourth Stage. | Fifth Stage. Gain percent. 



14.5 mm. 
15.0 mm. 
14.3 mm. 
14.7 mm. 
15.5 mm. 
15.2 mm. 



17.0 mm. 
16.8 mm. 
16.5 mm. 
17.0 mm. 
17.5 mm. 
17.2 mm. 



17.2 
12.0 
16.0 
15.6 
12.9 
13.1 



Average 



14.4 



In Twilight.' 



Fourth Stage. 


Fifth Stage. 


Gain per cent. 


14.1 mm. 


15.7 mm. 


11.3 


15.5 mm. 


17.5 mm. 


12.9 


14.5 mm. 


17.5 mm. 


20.6 


14.0 mm. 


17.5 mm. 


25 


14.0 mm. 


17.6 mm. 


25.7 


14.5 mm. 


17.0 mm. 


17.2 


14.3 mm. 


16.5 mm. 


15.3 


Average 




18.2 



♦All lobsters recorded passed from the third to the fourth stage on the same day, June 23, 
and were thus subjected to the same degree of water temperature whose variation, as we know, 
is able to make a great difference in the duration of the stage-period, as also in the amount of 
increase in size. Food conditions were also identical in the case of each group. 



In this regard attention may be directed once more to Table No. 
7. Here it is evident, when we note also the results given in Table 
No. 5, that the stage-periods of Emmets normal 1905 lobsters are 
longer than the average; also that the percentage of increase in length 
is generally less. It is certainly worthy of notice "that these lobsters, 
during the early stages, were confined in wire cages (Plate XL), 
and that the covering which was placed over them was insufficient 
to exclude all of the light; at least they were by no means as well 
protected as the young lobsters confined in the wooden compartment 
cars in which, as will be noted from Table No. 5, the duration of the 
stage-periods was less (1904 and 1905 group). 

Not only may the influence of light act directly upon the metabolic 
activity, and thus upon the rate of development, but also indirectly 
by favoring the growth of various parasites on the body and ap- 
pendages. This subject will be considered more appropriately in 
the following discussion. 
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XVI. The Influence of Parasites. 

One other factor which is able, not only to modify the rate of 
growth of Homarus in the early stages, but even in some cases to 
cause a tremendous mortality, is the growth of diatoms, algae, and 
protozoa. This is particularly true in the earlier stages, and of 
lobsters raised under artificial conditions. It is probable that this 
pest is of little harm to young lobsters under natural conditions of 
environment. The lobsters so attacked are designated as ''fuzzy'' 
lobsters, for their appearance is characterized by a heavy fringe of 
growth on all parts of the body, impeding their activities in both 
sw^imming and feeing; and, unless thie molting period comes quickly 
enough, ultimately causing the death of the young lobsters. 

.Although the question is so often one of life or death to the lobsters 
attacked, the condition described has a marked effect upon the rate 
of development of those which do not succumb. The molting periods 
are delayed and the amount of increase in length for these lobsters 
is correspondingly small. This diminution in the rate of growth is 
probably, in this case, directly dependent upon the question of ade- 
quate food supply, the possibility of which is so often cut off by 
the excessive growth of protozoa, diatoms, and alga^. This growth 
is, in turn, partially dependent upon the conditions of light which 
surround the individuals. At the Wickford Hatchery it was dis- 
tinctly observable that, of three groups of lobsters which were placed 
in dark cars, wire cylinders, and a shallow open box, respectively, the 
most profuse growth of diatoms and protozoa was upon those which 
were kept in the brightest light, while those confined in the dark 
were quite free.* 

In the former case, the rate of grow^th was very slow% and though a 

*R^arding the influence of light upon the abundance of growths on the lobsters, William- 
son ('04) mentions an interesting fact. In each of two large concret« tanks were placed two 
female lobsters. In one tank a board shelf afforded protection from the sun so that only the 
antennae of the lobsters were exposed to it« rays. In the other tank there was no protection 
from the sun whatsoever. In the first case, after the summer season, the lobsters themselves 
were free from growth of all sorts, but the antennae were covered. The bodies and appendages 
of the lobsters which were confined in the exposed tank were, however, quite hidden by the pro- 
lific growth of seaweeds, Lammarta sp., young mussels, etc. 
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great majority of the individuals ultimately died, those that survived 
were much undersized. It is probable that half-shading is of little 
value in preventing the growth of these forms. In the interests of 
artificial propagation of marine crustaceans it would be highly de- 
sirable to determine more carefully the influence of light.* 

XVII. The Influence of Food Supply and Injuries. 

Although it has been demonstrated that lobsters which have beea 
starved for a long time are materially smaller than the normals, it is- 
not probable that conditions of food supply have much influence in 
producing differences in the rate of growth of lobsters under natural 
conditions of environment in different regions of the coast. In con- 
sideration of this problem the only question that might be raised is, 
Do lobsters which live in the neighborhood of large cities or settle- 
ments, where sewer outlets, refuse from fish factories, etc., are com- 
mon, gain any advantage from the increased opportunity for food 
supply? A negative answer must be given, for the truth is that the 
lobsters seem generally to shun those portions of the coast where 
fresh water or sewage, or pollution of any sort, enters. Outside of 
these areas the distribution of food is so uniform that the question 
of its obtainment can have little or nothing to do with the differences 
in rate of growth of lobsters in different localities. 

The question of the effect of injury upon the rate of growth has 
been already briefly considered in the earlier pages of this report. 
For fuller details on this subject, however, reference may be made to 
Emmel's ('05) recent publication dealing with the regeneration of 
lost parts in the lobster, and its relation to the molting process. It is 

^It has been determined by Gorham ('03) that, among the diatoms which infest the youns 
lobsters, the most common are Licmophora tincta Grunow, Diatoma hyalinum (Kutiing) Qrunow, 
and Rhabdonema arcuatutn (Lygnby) Kutxing. The first of these attacks the eggs and is most 
abundant in the larval stages. A certain green alga is also conmion. Of tne protosoans the 
stalked Ephelola coronata is the moet abundant both at Woodn Hole and Wickford. At the^ 
latter station it has often been in greater abundance than the diatoms. Gorham has also iso- 
lated a fungus, supposed to be one of the Hyphomycetaca whose life history is not ytX known. 
This fungus, growing inside the body, caused considerable mortality among the young lobsters 
at Woods Hole. Williamson ('04) reports a disease which, it would appear from his description ^ 
may be of a similar nature. 
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sufficient for us to state here that the conditions which favor the 
chance of mutilation in the lobster are, like the conditions of food 
supply, evenly distributed in all localities and can have no influence 
in causing variations in the rate of growth of groups of lobsters in 
different places, although in single instances their effect in retarding 
the rate of growth may be great. 
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XVIII. Summary.* 

t 

/. The Rate of Groicth, 

1. The rate of growth of the lobster is much less rapid than has 
been estimated by previous observers. 

2. We find the average amount of increase at each molt to be 
18.4 per cent, for the early stages; and this percentage undergoes a 
gradual diminution through later successive molts, so that the gain 
in large lobstei:s is very slight. 

3. The average female lobster lays eggs for the first time in the 
summer of its sixth year, when in the twenty-third stage. 

4. Beyond the twenty-second stage the male lobster grows more 
rapidly than the female. This explains the fact that nearly all 
the "giant" lobsters are of the male sex. 

5. By the time the 9-inch length is reached the male lobster, 
in Rhode Island or other warm waters, is at least four and one-half 
years old; the female of the same length, if she has not borne eggs, is 
about the same age. 

6. The lobsters in Narragansett Bay probably attain marketable 
size (9 inches in Rhode Island) a year sooner than do the Massa- 
chusetts or Maine lobsters. 

//. Influences on the Rate of Growth. 

1 . The chief influences which modify the rate of growth of lobsters 
are water temperature, food supply, light, and injuriesi They are 
most effective for the early stages. 

2. Temperature is largely responsible for the diflfere^ces in size 
of lobsters of the same age in different localities. This results from 

*Id addition to the above we would make reference to Table No. 18 which, toflether with 
the portions of the foregoing statement which have been printed in italics, embodiat the most 
important facts considered in the exposition. 
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the influence upon (1) frequency of the molting process; (2) per 
cent, of increase in length of molts. 

3. A decrease in food supply or the presence of injuries prolong 
the stage periods and diminish the rate of growth. 

4. Excessive light may modify the rate of growth by (1) increas- 
ing the duration of the stage periods; (2) by decreasing the percentage 
of increase at each molt, and (3) indirectly, by favoring the growth 
of parasites. 

The writer would take this opportunity to acknowledge his 
indebtedness to Dr. A. D. Mead and Prof. F. P. Gorham, of Brown 
University, for many helpful suggestions and references; to Mr. 
V. E. Emmel for valuable data on the effect of injury and regenera- 
tion upon the growth of the • lobster, also to Mr. E. W. Barnes, 
Assistant Superintendent of the Wickford Experiment Station, for 
many kindnesses. 
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EXPLANATION OF PLATES 26 AND 27. 
Firti larval tiage; lengthy 8 mm.; age, 3 day8. 

FiBST ANTBNNiB: 

Project hardly to the end of the rostrum; endopodites have begun to 
bud off from the exopodites; the former are furnished with one long 
seta; the latter are tufted with four or five sets. (The first antenns 
are here described as if biramous.) 

Second ANTENNiE: 

Exopodites and endopodites are about equal in length; edges of former 
are fringed with a variable number of long feathered setee; the ends of 
the latter are tipped with several long setae; the antennal segments are 
not yet visible. 

Eyes: 

Very large and prominent; they contain in life a white iridescent pig- 
ment. 

Maxillipeds, second and third pair: 
These are furnished with exopodites. 

Chelipeds: 

These are furnished with exopodites or swimming appendages; the 
dactyl of the claw opens upward and outward. 

Ambulatory appendages: 

The first two pairs have the rudiments of claws; the last two pairs 
have not. All are furnished with exopodites; gills (as also is the case 
with the maxillipeds and chelipeds) are attached beneath the carapace 
border to the first segment (coxopodite). 

Abdominal appendages: 

These have not yet appeared, though they may often be seen in the 
first stage lobster as buds beneath the cuticle, on the under side of the 
abdomen. 

Tail: 

Has the shape of a simple fan; the exopodites of the last abdominal 
segment have not yet appeared; the posterior margin is bordered with 
short, spine-like sette. 
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EXPLANATION OF PLATES 28 AND 29. 

Second larval stage; length, 9.5 mm,; age, 6 days. 

First antennm: 

The endopodites have grown out over half the length of the expopo- 
dites; the latter extend nearly to the end of the rostrum; slight evidences 
of segmentation can now be observed on both endopodites and exopo- 
dites; the specialized olfactory setse are present on the distal portion 
of the inner mai^gin of the exopodites. 

Second antennae: 

The endopodites now equal or excel in length the exopodites; traces of 
segmentation are now observable upon the endopodites. 

Eyes: 

Still large and prominent, but less so than in the previous stage. 

Maxillipeds, cheupeds, ambulatory appendages: 
Very much as in first stage. 

Abdominal appendages: 

The appendages of the second, third, fourth, and fifth abdominal seg- 
ments have appeared but are not yet functional. 

Tail: 

As in first stage. 
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EXPLANATION OF PLATE 34. 

This specimen, whose age can not be accurately estimated, but can not be 
less than sixteen or eighteen years, was taken from a fish trap in the southern 
part of Narragansett Bay, where it had become entangled in the meshes. The 
massive crushing daw was larger than the whole cephalo-thorax, and shows well 
the development of the two great tubercles which, in the case of aged lobsters, 
alone remain. The cephalo-thorax was broad, but the head portion narrow. The 
eyes were small, scarcely larger than shoe buttons. The appendages were all 
intact, but much worn and stubby. The exoskeleton was extremely thick and 
, heavy, deeply scarred, and beset with bamades and molluscs, several of which 
had grown into the articular membranes between the joints of the chelpeids. 
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Plate XXXVI.— Showing a youDjr. newly-molted lobster (right), together with its old shell. 
Age, 2 yrs., 5 mos. ; size, 6^ Inches. 
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OBSERVATIONS ON SOME INFLUENCES OF LIGHT UPON 

THE LARVAL AND EARLY ADOLESCENT STAGES 

OF HOMARUS AMERICANUS. 



PLATES XXXVIII TO XL. 



PRELIMINARY REPORT. 



PHILIP B. HADLEY, 

BROWN UKIVER81TT, PROVIDENCE, R. I. 



The study of the influence of light stimuli upon marine animals 
in general, and upon the group Crustacea in particular, has, during 
the past decade, proved a fertile field for investigation. The wide 
variation in the nature of the responses which may be called forth 
by the influence of light of different intensities, of different colors, 
and upon different backgrounds, has demonstrated the fact that the 
habits of life of many forms may be r^ulated by, and even to a great 
degree dependent upon, light changes; and, furthermore, that even 
questions of relative nutrition, bodily strength, and rate of develop- 
ment may be influenced, to no slight degree, by the light environment 
which surroimds the individuals. 

With these facts in mind, and believing that further knowledge 
of the influence of light upon the early stages of the lobster would 
not only be of advantage to those engaged iii the artificial propa- 
gation of marine Crustacea, but would also form a further contribu- 
tion to our data concerning the influence of light upon marine animals 
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in general, we have, in a preliminary way, during the summer of 1905 
at the Wickford hatchery, made a brief number of observations to 
which we hope to add at a later date. 

The records of the experiments cover but a small part of the field 
of inquiry into the effects of light upon the lobster, inasmuch as they 
do not consider the subject of the influence of light upon chromato- 
phore activity and pigment movement, but merely attempt to de- 
scribe the reactions to light in the first five stages of HomaniB when 
upon backgroimds of black or white; and then to consider briefly 
the possible influence of light on the rate of development of the lob- 
ster during its early life. 

1. Photopathy in tHE Larval and Early Adolescent Stages. 

In a previous paper (Science, 1906, XXII, 676) we have used 
somewhat ill-advisedly the term phototropic to indicate the tendency 
of organisms to move toward or away from a region of greater light 
intensity. Believing now, however, that the term phototropUm 
should be used exclusively to represent a tendency on the part of 
organisms to grow toward the light or away from it, we have considered 
the terms photopcUhy and photopcUhic better adapted to express the 
nature of the greater number of reactions to be described in the fol- 
lowing pages — that is, a tendency to move toward or from a region 
of greater light intensity. We shall also use, together with these 
terms, the terms phototaxis and phototactic, referring to the tendency 
of organisms to move in the direction of or opposite to the incident 
light rays. We consider these terms are here used more advisedly 
than the older terms heliotropism and hdiotropic as used by Loeb, 
and which give no indication whether the response on the part of the 
organism concerned may be due to the intensity of the light or to the 
direction of the light rays, or both. 

We do not assume, however (as does Loeb*), that such phototropic 

*"Heliotropiam of Animals/' Ths Decennial PtMieation of the Univtrtity of Chicago, volJ, 
P. 84. 
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or heliotropic responses do not depend upon the specific characteris- 
tics of the nervous S3rstem. Later day investigations have pointed 
out that there may be wide differences between heliotropism in plants 
and in animals, and that, although instinctive action in the daily 
activities of the lower forms of life does, as Loeb argues, have its 
basis in the same laws which determine the behavior of matter in 
inanimate nature, still, in the light of these more recent investiga- 
tions, it can not be denied that the behavior of these lower forms of 
life is modified and even determined by the effect of stimuli, primarily 
upon the nervous system. 

First we are to discuss the results of experiments which were, car- 
ried on under such conditions that there was no opportunity given 
for the young lobsters to manifest any reaction whatever by their 
efforts to swim in the direction of the incident light rays (phototaxis). 
The results, then, must indicate a " choice '' on the part of the lobsters, 
of a specific degree of light intensity, light color (special rays), or 
both. We shall, however, on a later page make reference to experi- 
ments in which the phototactic responses (heliotropism in the sense 
used by Loeb in the greater number of his papers) are discussed. 

The apparatus used for the experiments consisted of an oblong 
wooden box, 4 x 6 x 18 inches on the inside. The box was blackened 
and fitted with a light-tight cover, through one end of which pro- 
truded, to a length of 6 inches, a cardboard tube IJ inches in diameter; 
the fimction of this tube was to admit none but nearly parallel rays 
of light into one end of the box, thus distinctly localizing the light 
area (Plate XXXVIII) . In experiments wherein a white backgroimd 
was required, the black interior of the box, as well as the imder side 
of the light-tight cover, was covered with a heavy grade of white 
paper.* 

The following description of the experiments, with some few 
changes, is taken from the previous paper of the writer, already re- 
ferred to. 



*The design of the box is based upon suggestions made by Keeble and Gamble. "The Col- 
or Phytiology of Higher Crtutacea. RoytU Society, London, 1904. 
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The method of conducting a single experiment was essentially as 
follows: The box was filled with salt water to a depth of two inches, 
or thereabouts, and placed in a quiet and level position. The de- 
sired number of lobsters, together with suflScient salt water to make 
the total depth about three inches were added. When the water had 
quieted and the young lobsters had arranged themselves more or 
less uniformly in the water area, the cover was placed in position. At 
intervals, varying from five to fifteen minutes, the cover was removed 
and the position of the young lobsters was observed. After some of 
the observations the cover would be reversed in position, so that the 
illimiinated area in the water would be changed to the opposite end 
of the box. After other observations, however, the cover would be 
left as in the first instance, or removed entirely until another uni- 
form distribution of the young lobsters had been obtained. Whether 
the position of the cover was changed or not, the results, with few 
exceptions, agreed with great uniformity. 

The light intensity was regulated by the time of day at which the 
observations were made, either at noon, mid-afternoon or nearly 
evening. In this way, without using artificial means, it was possible 
to regulate the degree of light intensity with a very fair precision. In 
the case of studying monochromatic lights (red and blue) sheets of 
glass were used, the plate being placed over the entrance of the tube. 
Without doubt, liquid filters would have been an advantage; but the 
experiments which were made with glass plates gave such definite 
reactions that they were judged satisfactory for preliminary work. 

The counts were made by dividing the field into three areas, 
namely, the illuminated, the mid-area, and the dark. Owing to the 
fact, however, that the illumination in the mid-area must have been 
almost imperceptible, for practical results it might have been quite 
safe to include the mid-area counts with those of the dark area, but 
for sake of definiteness they have been considered as a separate area. 
In the greater number of cases it was an easy matter to coimt the 
number of individuals in each of the three areas before a change in 
position took place. Twenty individuals were, in most cases, used 
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for experimentation, for so small a number distributed over three 
areas could be taken in at a glance, and furthermore twenty seemed 
a suflScient number to give representative results. In the following 
account are recorded experiments carried on with the first five stages. 
All the conditions of light and backgrounds were not brought to bear 
upK>n all five stages, and only a sufficient number of reports are here 
recorded to show the general drift of the results. 

Experiment I. 



Conditions: 


Black Background; Sunlight of Low Intensity; 
20 First Stage Larvoe. 


Test. 

1 


Light end. Mid area. Dark end. 

2 6 12 

3 4 13 


Cover. 


2 


Reversed. 


3 


1 
3 


5 14 
4 13 




4 


Reversed. 


Similar results 
used. 


were 


obtained when a greater intensity of light was 






Experiment II. 




Conditions. 


: White Background; Sunlight of Medium Intensity^ 
20 First Stage Larvce. 


Test. 
1 


Light end. Mid-area. Dark end. 

2 5 13 
2 2 16 


Cover 


2 


Reversed. 


3 


2 


3 15 


Reversed. 


4 


1 


5 14 
Experiment III. 









Conditions: White Background; Sunlight Bright; 
20 First Stage Larvce, 

Test. Light end. Mid-area. Dark end. Cover. 

1 22 4 4 



2 18 7 5 Reversed. 

3 20 7 3 



80 
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These results seem to show that the first larval stage of Hamarus 
is negatively photopathic on a black background, with weak, medium 
and bright light; but that, while on white backgrounds he is, under 
medium intensity, negatively photopathic, if the intensity of light is 
increased he becomes positively photophatic. Similar results were 
obtained with second and third stage larvse under similar conditions 
of light and background. The reactions manifested under the con- 
ditions of white background and light of low intensity were, as a rule, 
not as definite as the others. 

Experiment IV. 

Conditions: White Background; Red Monochromatic Light; 
20 First Stage Larva. 

Teit. Licht end. liid-area. Dark end. Cover. 

1 2 1 17 

2 2 3 16 

3 3 4 13 Reversed. 

4 6 2 12 





Experiment V. 






Conditions: 


White Ba^ckground; Blue Monochromatic Light; 
20 First Stage Larvce, 


Teat. 

1 


Liffht end. Mid-area. 

12 4 

11 3 

13 2 


Dark end. 
4 

6 

5 


Cover. 


2 
3 


Reversed. 



These two experiments indicate that in the case of a white back- 
ground and red monochromatic light, the first stage lobsters are nega- 
tively photophathic, while in the case of a white backgroimd and a 
blue monochromatic light the same lobsters are positively photo- 
pathic. This was naturally somewhat unexpected, but in all the 
experiments involving similar conditions of light and backgroimd the 
second and third stage lobsters respond in a similar manner. In 
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case, however, a black background is used with lobsters of the 
third stage, several experiments demonstrate a negative photopathy 
under the conditions of both red and blue light. 

Experiment VI. 

Conditions: Black Background; 20 Early Fourth Stage 
Lobsters; Sunlight Bright, 

Test. Light end. Mid area. Dark end. Cover. 

1 13 3 4 

2 15 3 2 Reversed. 

3 12 4 4 

4 16 4 1 

When experiments were tried with the fourth stage, however, a 

different reaction was foimd to occur. On black backgrounds and 
with white or blue lights of any intensity, the fourth stage lobsters, 
unlike the first three stages, were positively photopathic. The 
degree of light intensity made no change in the results, save in that 
instances where the light was the least intense the reaction was least 
marked; and when the light was most intense, as obtained by re- 
flecting TB,yB of light by means of a mirror into the tube, the definite- 
ness of reaction was most evident. 

When white backgroimds were used in connection with the fourth 
stage lobsters, it was found that in every case except with the mono- 
chromatic red light, a positive photopathic reaction resulted. The 
latter, which was also contrary to expectations, may be outlined as 
follows: 

Experiment VII. 

Conditions: White Background; Monochromatic Red Light; 
20 Early Fourth Stage Lobsters, 

Teflt. Light end. Mid area. Dark end. Cover. 

18 5 6 

2 1 6 13 Reversed. 

3 1 10 9 Reversed. 

4 4 5 11 
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These resulting reactions in the case of the early fourth stage 
lobster may offer an explanation of the fact that this stage is so 
frequently caught in tow-nets drawn over the surafce of any of our 
shore waters, while it has been a very unusual occurrence to secure 
in this manner either the earlier or the later stages. The same causes 
may also account for the reported facts that certain stages of the free- 
swimming larvae of other forms of Crustacea are found more frequently 
at the surface than are other larval stages of the same species, for it 
altogether probable that the presence of organisms in bright sunlight 
at the surface of the water may be indicative not of a positive photo- 
tactic or heliotropic reaction alone, but also of a positive photopathic 
response to the greater intensity of light in the surface waters. 

It was a noteworthy fact, however, that old fourth stage lobsters 
would never manifest phototropic reactions with the same degree of 
certainty as those demonstrated in the case of younger fourth stage 
lobsters. Indeed, in a number of instances, fourth stage individuals 
which were due to molt within a period of one or two days mani- 
fested on black backgrounds a definite tendency towards a negative 
reaction. The negative photopathic response was assumed without 
exception after the lobsters had molted into the fifth stage, and this 
reaction was then manifested with any combination of light intensity, 
color, or background, except red and blue lights on a black back- 
ground, in which case the resulting reactions were often either con- 
tradictory or obscure. The following tables show the reactions in the 
case of the late fourth and the fifth stage lobsters: 

Experiment VIII. 

Conditions: Black Background (Similar Results Were Seldom 

Obtained on a White Background); Sunlight Bright; 

20 Late Fourth Stage Lobsters, 

Test. Light end Biid area. Dark end. Cover. 

19 4 7 

2 11 5 4 Reversed. 

3 7 6 7 

4 9 3 8 
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From the above experiments it appears that we have the probable 
explanation of the characteristic behavior of late fourth stage 
lobsters; i. e,, the tendency to seek the bottom and to hide imder 
shells, rocks, or grass. It further appears that there is no good 
reason to attribute this manner of behavior, as do some writers, 
either to a negative heliotropism (phototaxis), or to contact irri- 
tability. 

Experiment IX. 

Conditions: Black Bdckffround; Medium Sunlight; 
12 Fifth Stage Lobsters. 

Test. Light end. Mid area. Dark end. Cover. 

12 4 6 

2 2 3 7 

3 2 2 8 Reversed. 

4 13 8 

The results of these experiments may also explain, to a certain 
degree, the facts which appear through the observation of large 
numbers of the larval stages of Homerus when confined and exposed 
to different light conditions, and also interpret to some extent the 
behavior observed in the larval and early adolescent stages of lobsters 
under natural conditions of environment. The first three larval 
stages, when confined in the large twelve-foot white canvas bags 
in which they were observed, manifested at all times a marked 
tendency to sink toward the bottom — except perchance at night, 
when more active swimming is observed in all the stages. This 
tendency during the daytime could not be controlled in any way. 

It seems entirely possible that this reaction may be explained upon 
the grounds of negative photopathy, for although it is certainly true 
that the young lobsters below the fifth stage are under certain con- 
ditions positively phototactic, still it may be that a certain intensity 
and background is required for the fullest manifestation of this re- 
sponse. For instance, at night, it was possible to evoke a seemingly 
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positive photopathic reaction from any of the thousands of young 
larvse in the large canvas bags. This was accomplished by means 
of an acetylene light so directed against a certain area of the white 
field of canvas that large numbers would at once group themselves 
thickly about the illuminated area, manifesting, in the case of the 
third and fourth stages, such an effort to come into the light area that 
they would often throw themselves partially out of water, causing 
thereby numerous surface ripples. Since, however, as has been stat- 
ed, similar results could be obtained when a black background was 
employed with the acetylene rays, and since the results were not so 
definite when the incident TBLys struck the water perpendicularly as 
when they were thrown at an angle, it was assumed that these re- 
actions were not manifestations of true photopathy, but were largely 
due to the effort on the part of the young lobsters to move in the 
direction of the incident light rajrs. This phenomenon was better 
observable in the fourth stage of Hamarus, when the very definite 
rheotactic proclivity, first clearly observable in this stage, could be 
entirely broken up by introducing the incident rays either at right 
angles to or in opposition to the direction of the current. A diagram- 
atic representation of the effect of combining the opportunities for 
the manifestation of rheotaxis and phototaxis at the same moment 
is given in the figures of Plate XXXIX. In every observation made,. 
whatever might be the direction in which the light rays were intro- 
duced, this effect was the same; the phenomenon of rheotaxis in. 
the fourth stage lobsters was always lost in that area where the light 
rays had their full effect. A clearer view of the nature of this re- 
action may be obtained from the description accompanying the 
plate mentioned above. 

The slight number of observations on the influence of light on the 
orientation and progressive movement of young lobsters does not, at 
the present time, warrant far-reaching deductions regarding the 
probable behavior of young lobsters imder natural conditions or 
suggest aught that might be of value in methods of artificial pro- 
pagation of lobsters. The writer, however, hopes to discuss this. 
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phase of the subject more in detail at a later date, and at that 
time to consider further the method of these reactions, and to de- 
termine to what extent the general behavior of the young lobsters 
may be dependent upon these responses to stimulation by light. 
In the meantime we may sum up the result of the observations thus 
far made by the following table and then briefly consider the prob- 
able influence of light on the general condition and rate of growth 
•of the lobster as presented in the following section. 

TABLE No. 1. 

Showing the nature of the photopathic reactUma of lohetere in the first five stages 

on black and white backgrounds, and under the influence of white, 

red and blue Ught,* 





On Black Backorounds. 


1 

1 On Whitb Backorounds. 


«TAQR 


Whit« Licht. 


1 
1 


s 

1 


! White Light. 


1 






ii 


|.^ 


^A 


Low 
Intensity. 


*5 


1^ 


i 


I 












1 

1 


-)- 


-»- 




4- 


n 












1 
1 T 


H- -^- 




4. 


m 


— 


— 


— 


— 


— 


1 

1 ? 


+ 


+ 


— 


+ 


IV 

V 

VI 


— 


+ 


-4- 


T 


+ 

? 

- 


1 ? 

1 


+ 


+ 


— 


+ 








1 
















i Ii , 


1 



* In caees where the results were not certain, or not definite, or contradictory, the sign (7) 
Ikas been placed. A positive reaction is indicated by the + sign; a negative reaction by the 
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Description of Plate XXXIX. 



The current in every case toas a contimuma circulcar current created by a revolv- 
ing paddle in a large canvas bag. 

Fig. 1. Shows the normal rheotactic phenomenon when no dis- 
turbing influence is brought to bear. 

Fig. 2. Shows the effect of introducing a pencil of light so f that 
the rays proceed in an opposite direction to the current. 

Fig. 3. Shows the result when the rays proceed in the direction 
of the current. 

Fig. 4. Shows the effect of allowing the rays to fall vertically or 
at right angles to the direction of the current. 

Fig. 6. Shows the effect of introducing the rays at a slight angle 
when no current is flowing in the bag. 

Fig. 7. Shows the effect of withdrawing the source of the rays 
in a " serpentine " curve, in such a way that the direction of the rays 
is continually changing but at every point is tangent to the curve. 
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FIG. 5. FIG. 6. 

tyte given 
phutotaotio responses. Phototaxis is dominant. 



Platk XXXIX.— Showlnir the effect produced when opportunity Is irlTen for both rbeotactio and 
-^^ IsdoB • 
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II. The Influence of Light on the Rate of Development. 

Insomuch as the writer has treated this subject in more detail in 
another paper* the present consideration will be brief. The question 
of the influence of light upon the rate of growth is, however, one of 
no little importance to the general problems of the artificial propa- 
gation of marine animals, and the writer hopes to be able at a later 
date to present the result of further investigations which shall better 
warrant the drawing of more far-reaching conclusions. 

In the preliminary consideration of this problem, the first question 
which we may ask is, what influence do light and darkness appear 
to have upon the development of animal life in general; and, con- 
sequently , what effect might we expect it to have upon the young 
lobster? In answer to this query it may be said that, so far as in- 
vestigations to the present are concerned, the following facts, which 
hold true both for vertebrates and for the lower forms of animals 
(many of them marine), are generally admitted. 

1. T?iat development of animal life in general is more rapid in 
daylight (white light) than in absolute darkness, 

2. Tha;t development in tmlight is more rapid than in either (a) 
darkness or (b) daylight. 

3. Tfiat development under the influence of certain monochromatic 
lights Q)lue or violet) is mxrre rapid than in daylight ^ but, in most cases, 
less rapid than under the influence of tiuilight. 

4. That the influence of white light may hasten destructive meta- 
bolism in many forms, but that the evil in^uence of the red rays con- 
tained in the white is not as detrimental to growth as the effect created 
by totally exclvding the bVae and violet rays which are also contained 
in the white, and from which, in many forms, the growth process derives 
a certain stimulation. 

The hypothetical conclusion to which, in view of the general facts, 

*'*Regardi]iff the rate of growth of the Ameriean lobster/' Report of th* Rhode Itland 
Commition of Inland FUhm-ist for 1905. RopritU 1906. 
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we might come, is that in all probability, full sunlight is detrimental 
to the development of the young lobster, but that weak sunlight or 
twilight exerts the most accelerating influence upon the rate of 
growth. We will now see what evidence there is to demonstrate 
the probable truth of this hypothesis. 

We know first of all that the lobster is an individual whose habits 
of life seldom lead him beyond the twilight of his natural haunts. 
We know that when strong lights are brought to bear upon young 
adolescent lobsters they at once become restless, wander nervously 
about their cars, often refuse to touch food, and at all times manifest 
a definite effort to retreat from the light rays. Believing that the 
sunlight was unfavorable to the development of the lobsters, even 
after the fourth stage, the writer provided covers for most of the 
compartment cars in which the young lobsters were confined (Plate 
XXXV), thus producing in them the effect of twilight. Although 
the results obtained from these experiments do not justify far- 
reaching conclusions, they are nevertheless indicative of the fact that 
the condition of twilight does, for several reasons, actually prove 
beneficial to the developing lobsters; and that, on the other hand, 
broad sunlight is detrimental to their growth, first by increasing the 
length of time between each molting period, and second, by diminish- 
ing the amount of increase in length at each molt. The facts which 
lead to such a conclusion may be briefly presented in the tables which 
follow. 

The lobsters in the groups indicated by the heading " in twilight" 
were raised from the third stage in the individual compartment cars 
already mentioned. They were quite protected from the light above 
by the broad covers with which thie cars were supplied. The only 
light which was accessible entered through the wire screening of the 
sides, a large part of which was, in every instance, under water. In 
the case of those lobsters included under the heading "in sunlight," 
the compartments were in the form of wire cylinders, each containing 
in the bottom a saucer holding a small quantity of gravel. These 
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cages were about I2 inches deep and 6 inches in diameter,* so that 
the bottom containing the saucer was, in most eases, 7 or 8 inches 
beneath the surface of the water. It is easy to perceive that the light 
was able to enter the cages from all sides and from the top. 

Regarding the data presented in the tables, it should be borne in 
mind that all the lobsters whose records are given in a single table 
passed from the third to the fourth stage on the same night and were 
subsequently subjected to the same conditions of food supply and to 
the same degree of water temperature, both of which we know are 
able to cause so great a difference in the duration of the stage- 
periods when all other conditions are equal. 

*See Plate XL. 
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Table No. 2. 

Shomng the relative effects of sunlight and tvnlight upon the duration of the 

fourth stage-periods,* 



In Sunuoht. 


In TwnjOBT. 


Date of Molt 
to4thSta«e. 


Date of Molt 
to 6th Stage. 


Stage 
period. 


Date of Molt 
to 4th Stage. 


Date of Molt 
to 5th Stage. 


Stage 
period. 


July 23 


July 7 


14 days.. 


July 23 


July(l) 


(8) days. 


July 23 


July 7 


14 days.. 


July 23 


July 5 


12 days. 


July 23 


July 8 


15 days.. 


July 23 


July 3 


10 days. 


July 23 


July 9 


16 days.. 


July 23 


July 5 


12 days. 


July 23 


July 10 


17 days.. 


July 23 


July 6 


13 days. 


July 23 


July 5 


12 days.. 


July 23 


July 6 


13 days. 


July 23 


July 6 


13 days.. 


July 23 


July 5 


12 days. 


July 23 


July (15) 


(22) days.. 


July 23 


July 5 


12 days. 


July 23 


July 6 


13 days.. 


July 23 


July 6 


13 days. 


July 23 


July 6 


13 days. . 


July 23 


July 6 


13 days. 


July 23 

July 23 

July 23 

July 23 


July 10 

July 8 

July 10 

July 6 


17 days. 








15 days. . 








17 days. . 









13 days. . 






Average. . . 




14.5 days. . 


Average. . . . 




12.2 days. 











* See note to Table No. 8. 
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Table No. 3. 

Showing the rdaHve effects of sunlight and twilight upon the incretxse in the size of 
lobsters molting from the fourth to the fifth stage.* 



In Sdnugvt. 


In TwnjoHT. ' 


Fourth 
Stace. 


Fifth 
Stage. 


G&in 
Percent. 


Fourth 
Sti«e. 


Fifth 
Stage. 


Gam 
Percent. 


14.5 mm. 


17.0 mm. 


17.2 


14.1 mm. 


15.7 mm. 


11.3 


15.0 mm. 


16.8 mm. 


12.0 


15.5 mm. 


17.5 mm;- 


12.^ 


14.3 mm. 


16.5 mm. 


16.0 


14.5 mm. 


17.5 mm. 


' 20.6 


14.7 mm. 


17.0 mm. 


15.6 


14.0 mm. 


17.5 mm. 


25.0 


15.5 mm. 


17.5 mm. 


12.9 


14.0 mm. 


17.6 mm. 


25.7 


15.2 imn. 


17.2 mm. 


13.1 


14.5 mm. 


17.0 mm. 


17.2 








14.3 mm. 


16.5 mm. 


15.3 


Average. . . . 




14.4 


Average. . . 




18.2 













* All lobsters recorded passed from the third to the fourth stage on the same day, June 23, 
and were thus subjected to the same degree of water temperature whose variation, as we 
know, is able to make a great difference in the duration of the stage-period, as also in the 
amoimt of increase in siie. Food conditions were also identical in the case of each group. 

Other observations from which we are able to determine a difference 
in the rate of growth are those from the experiments of Mr. V. E. 
Emmel, who kept many young lobsters through out the summer of 
1905 in wire cylinders similar to those already described. In this 
case there was a partial protection afforded by stretching a framed 
canvas somewhat above the wire cages in which the lobsters in ques- 
tion were confined. Here, it is interesting to note, we find the dura- 
tion of the fourth, fifth, sixth, and seventh stage periods from one 
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to three days longer than in any other group of lobsters which were 
reared under different conditions during the same or during the 
previous summer. 

Table No. 4. 

Showing (He average per cent, of increase for lobsters in the fifth, sixth, seventh, 
and eighth stages raised under different conditions of light. 





Stage 4 to 5. 


' Stage 5 to 6. 


Stage 6 to 7. Stage 7 to 8. 

i 


Group 1* kept in 
weak sunlight. 

Group 2,t kept in 
subdued light 

Group 3,t kept in 
semi-twilight 

Group 4,§ kept in 
twilight 


14.4 








15.4 
15.0 
18.0 


16.3 
20.0 
20.6 


20.6 
21.0 
20.0 


15.7 
17.0 
27.2 



* This group was raised in wire cylinders in direct sunlight. 

t Lobsters which were kept in wire cylinders, and protected by a framed canvas sUgbtly 
above the cylinders. 

X Lobsters which were kept in narrow compartment ears, ii^ch admitted no light on the 
sides and but little on the top. 

{ Selected lobsters which were kept in wooden cars covered so that but little light was ad- 
mitted from any direction. 

If the influence of sunlight is able to cause such differences in the 
rate of development of lobsters in the fourth stage, it is not unreason- 
able to believe that the same influence may be, if anything, more 
detrimental to the development during the early larval stages. 

One other factor which is commonly recognized as being able to 
greatly diminish the rapidity of growth, especially in the early stages, 
is the accumulation of diatoms, protozoa, and algae which not infre- 
quently gathers on the bodies of the young lobsters. There can be 
but little doubt that the profusion of this growth is, in a great meas- 
ure, directly dependent upon the degree of light intensity to which 
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the young animals are submitted. It is a recognized fact that the 
diatoms multiply most freely in regions of greater light intensity. 
This fact is apparent when observations are made upon several 
groups of lobsters under different conditions of light intensity. In 
relation to this point we have made observations upon three groups 
of lobsters in the fourth and fifth stages, confined imder conditions 
of (1) semi-darkness or twilight, (2) very slightly subdued sunlight, 
and (3) full sunlight. It was very evident that the lobsters confined 
in an open car with practically no shade accumulated by far the 
most profuse growth of parasites, while the lobsters kept in twilight 
were, in every case, quite free. Those kept in slightly subdued sun- 
light had a more profuse growth than those maintained in the covered 
cars, but not nearly as great a growth as that on the lobsters in 
the open car. 

After having made numerous observations on developing lobsters 
at Woods Hole, Gorham also believes that the abundance of parasitic 
growth is partially dependent upon the degree of light intensity to 
which the young lobsters are subjected.* 

These few observations at least indicate the advisability of con- 
tinuing this definite line of experimentation, not only upon the adoles- 
cent lobsters, but more ei^pecially upon the larval stages on which we 
know the variations in temperature and food supply have the greatest 
effect. 

♦p. p. Gorham. U. 8. FUh Commi$*ion Report for 1903, p. 175. 
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Introduction and General Methods. 

Both economic and scientific interests furnish incentives to a study 
of regeneration and its relations to the molting habits of the lobster. 

The economic aspect of the subject is readily appreciated in view 
of the growing importance of the practical question of lobster culture. 
The recent noteworthy success of the Rhode Island Commission of 
Inland Fisheries, under the direction of Dr. A. D. Mead, in solving 
the difficulties involved in the problem of hatching and rearing 
lobster fry has given a new value to the study of the life history of 
this crustacean. 

It is hardly necessary to emphasize the close relation existing 
between the growth of the lobster and its molting habits. It is 
well known that this animal increases in length, and to all appearances 
grows, only at certain periods. Indeed, this is so much the case 
that it is not at all impossible for a "short" lobster to grow from 8i 
inches to 9 inches by the process of shedding the shell, during a 
single night; and thus rescue the fisherman from legal liabilities. 
However, of course, it is not true that this increase in size is due 
entirely to a rapid growth immediately after the molt; for the 
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growth of the lobster, really, takes place more or less throughout 
the whole molting period. The growing tissue crowds against its 
shell, finally the animal sheds this shell, the compressed tissues 
expand and a rapid increase in size occurs. According to Herrick, 
this swelling out of the body after the molt " is due to the absorption 
of water through the new shell into the blood and tissues."* 

This fact that the increase in size is correlated with the molting 
process, gives importance to the various factors which may influence 
the frequency of the molting period, — such as light, temperature, 
food, and the regeneration of injured structures. 

From the scientific standpoint the subject of regeneration is full 
of interest. One of the most fundamental problems of biology at the 
present time is to determine the relation and interactions existing 
between different parts of the organism, and the phenomenon of 
regeneration furnishes an opportunity to study these relations by 
the experimental method. By disturbing the normal relations of the 
different parts of the organic system, and noting the resultant 
re-adjustments — as in the mutilation and regeneration of the appen- 
dages of the lobster — ^we may both demonstrate the existence, and 
learn something in regard to the nature, of these relations. 

In the molting habit of the lobster we have a phenomenon in 
which the growing organism periodically reaches a climax and casts 
off its outer shell or exoskeleton. In approaching this climax the 
old tissue cells multiply and produce new tissue; the epithelial cells 
in the skin secrete a second shell underneath the old one; and finally 
these cell activities culminate in the act of molting. 

On the other hand, when a limb has been removed from the 
lobster by mutilation, regeneration of that appendage occurs. In 
the process of forming this new structure a second series of cellular 
activities begins; which by multiplication and histological differen- 
tiation results in the reconstruction of a complete new appendage. 

Accordingly, we have two distinct processes of cell activities. 
The one, molting, is going on regularly, and more or less contin- 

*Herriok, Bulletin of U. S. Fish Commission. 1895, p. 81. 
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uously, throughout the period between molts; the other, regeneration, 
may be artificially introduced by mulitation at any point within 
this period. The interesting question arises as to what influences 
they may exert upon each other. Will the process of regeneration 
produce any effect upon the activities involved in molting, and mce 
versa? 

Since it is evident that, in the molting process, a certain amount 
of energy is being regularly directed into the production of a greater 
mass of tissue, and the formation of a new shell to accommodate 
the increasing size of the growing organism; and since it is equally 
evident that a certain quantity of energy is necessary for the produc- 
tion and development of a mass of new tissue in the regeneration of 
a limb, the further question arises: — if the two processes do influnce 
each other, is the interaction of such a nature as to indicate that 
the energy normally involved in the cellular activities of molting 
may be diverted into the other series of cellular activities, regenera- 
tion? 

The object of the present series of experiments is to study some 
of the relations existing between these two processes of regeneration 
and molting. 

The pr^ent experiments and observations were made, during the 
43ummer of 1905, at the Experiment Station of the Rhode Island 
Oonmiission of Inland Fisheries, Wickford, Rhode Island. The 
lobster hatchery at this station furnishes unsurpassed opportunities 
to obtain, from the thousands of yoimg lobsters hatched during the 
months of June and July, material for experimental work. 

The specimens selected for the experiments were young lobsters 
which had all molted to the same stage on the same day. By selecting 
a lobster pool in which the lobsters, perhaps 2,000 or more, were all 
known to be in a given stage, and by watching for the next molt, 
it was possible to obtain a large number of specimens which had 
molted to the same stage on the same day. Care was taken also 
to select only those individuals which were practically equal in size, 
and in a normal condition. The value of these specimens for corn- 
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parative results becomes evident when it is considered that both 
the stage of the lobster and the season of the year greatly modify 
the length of the period between molts. 

The specimens selected in this way were next separated into two 
groups. The specimens of one group were then mutilated, while the 
lobsters in the other group were kept in a normal condition as con- 
trols. The molting period of normal individuals thus served as a 
standard with which to compare any variations in the molting of 
the other specimens, caused by the mutilation and resulting regenera-^ 
tion. 

The nature of the mutilations was also considered, for it is highly 
important, in comparing results, that the character and d^ree of 
injury be uniform. The requisite uniformity of the mutilations in 
the lobster is easily obtained. By means of a special structure at 
the base of the legs and chilipeds, these limbs, when injured, are 
always thrown oflF by the animal at this particular region or breaking 
plane, a process known as autotomy.* In the present experiments 
the mutilations were made by crushing the tip of the limb with 
forceps, and in every case the limb was dropped at the moment of 
injury. It is from the stump remaining after autotomy that another 
limb begins to bud and regenerate. 

It was attempted to conduct the experiments under conditions 
as nearly normal as possible. Both mutilated and normal lobsters 
were kept in cylindrical boxes with earthenware saucers, six inches 
in diameter, at the bottom, and these were suspended in the water, as 
shown in Plate XL. Thus each cylinder provided a free circulation 
of water. The lobsters were fed on minced clams and fish. A canvas 
awning was placed over all the cylinders, and every precaution was 
taken to keep the specimens in as nearly a natural environment as 
possible. 

Observations were made three times every day, morning, midday, 
and evening. A record was made of the date of molting for each 

*See Emmel, " The Regeneration of Lost Parts in the Lobster." Report of R. I. Com- 
mission of Inluid Fisheries, 1904, pp. 88-S9. 
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Individual. Occasionally a specimen would be engaged in the act 
of molting just at the time of observation, but usually the lobsters 
would molt at some time during the interval between two suc- 
cessive observations; in that case the date of the first observation 
after molting was recorded as the date of the molt. . 

II. 
EXPERIMENTS AND RESULTS. 



Explanation of Terms. 

The following terms will be used with the meanings indicated 
below: 

Mutilation: An injury to a limb made in such a way that the 
lobster will throw the limb off by autotomy. 

Regeneration: The reproduction or growth of another limb to 
replace the one lost by mutilation. 

The process of regeneration: The series of cell-activities involved 
in the origin, development, and differentiation of the tissues 
and organs of the regenerating structure. 

T?ie molting process: The series of cell-activities in the old tissue 
and skin which take place more or less continuously through- 
out the molting period; and which result in a growth of new 
tissue and the secretion of a new shell underneath the old one. 

The moU, or act of molting: The periodic culmination of the molting 
process, in which the animal casts off the old shell. 

The rate of molting: The length of time required by the process of 
molting to culminate in the act of molting. 

The molting period: The interval between two successive molts. 
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The Effect of Regeneration upon the Length of the 
Period Between Molts. 

a. Experiments, 

The first question in regard to the relation between the processes 
of regeneration and molting is whether, in the lobster, the process 
of regenerating an appendage really has any influence upon the 
length of the molting period. This may be answered by comparing 
the length of the molting process in a group of normal lobsters with 
the length of the corresponding process in a group of regenerating 
lobsters. 

For this purpose, on July 8, 1905, 80 fourth stage lobsters were 
taken from one of the hatching pools. The specimens were selected 
out of several hundreds which had molted into the fourth stage 
during the night of July 7. They were all approximately of the 
same size and in normal condition. 

These 80 selected specimens were then separated into three groups 
which may be designated as series A, Aj, and A^.* The number 
of individuals in each group was as follows: Series A, 30; series Aj, 
25; series A^, 25. The lobsters in series A were kept in a normal 
condition; the 50 specimens in series Aj and A4 were all mutilated 
by the removal of both chelipeds. The difference between series A^ 
and A4 consists in the time of mutilation. As the result of previous 
observations there were reasons to suspect that an injury occurring 
immediately after a molt might not perceptibly affect the length 
of the molting process. Accordingly, in order fairly to test the 
influence of regeneration, 25 of the lobsters were mutilated July 9, 
one day after molting to the fourth stage (series A^); and the other 
25 specimens were mutilated July 12, four days after molting to the 
fourth stage (series A4). 

*The sub-numerals indicates the number of days intervening between the time ol mutila- 
tion and the preceding molt, as will be described. 
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b. Tabulation of Results. 

The records for series A, A^, and A4 are arranged in Tables I, 
II, and III, respectively. The tables include the date of molting 
to the fourth and fifth stages; the time of mutilation; and the condi- 
tion of the specimen after each molt. The lobsters which died 
before molting to the fifth stage are not included in the tables. In 
every case where the specimen did not show regenerated chelipeds 
at the time of molting, the data for the molting period is placed in 
separate columns in Tables II and III. It may be noticed, also, that 
the data in all tables have been arranged in the order in which the 
individuals molted to the fifth stage. 

Chart VIII shows the frequency curves plotted for the data in 
Tables I and III. For the purpose of graphically comparing the 
frequency of molts in successive days for series Aj and series A^,. 
the lobsters have been grouped according to the number of individuals 
molting on the same day in each series. In Fig. I the ordinate* 
show the number of individuals which molted on the dates indicated 
on the abscissae. 
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Table I. 

MOI/riNO PERIOD FOR NORMAL FOURTH STAGE LOBSTEB8, 
SERIES A. 



Molted to 
Fourth Stage. 



Condition 
Normal. 



Molted to 
Fifth Stace. 



Molting 

Period in 

Day*. 



Normal. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 



Julys 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 



1905. 
8 A.M.. 
8 A. M.. 
8 A.M... 
8 A. M... 
8 A. M... 
8 A.M... 
8 A.M... 
8 A. M... 
8 A.M... 
8 A.M... 
8 A.M... 
8 A. M... 
8 A.M... 
8 A.M... 
8 A.M... 
8 A. M... 
8 A. M.. 
8 A.M... 
8 A. M... 
8 A. M... 
8 A. M.. 
8 A.M... 
8 A. M... 
8 A. M... 
8 A.M... 
8 A.M.. 
8 A. M... 



+ 

+ 
+ 

4- 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

4- 
+ 



July 18; 
July 18; 
July 18 
July 18; 
July 19; 
July 19; 
July 19; 
July 19; 
July 19; 
July 19; 
July 20; 
July 20; 
July 20; 
July 20; 
July 20; 
July 20; 
July 20; 
July 20; 
July 20; 
July 20; 
July 21 
July 21 
July 21 
July 21 
July 21 
July 22; 
July 23 



1905. 
6 P.M. 
6 P.M. 
6 P.M.. 
6 P. M.. 
8 A .M.. 
8 A.M.. 
6 P.M.. 
6 P. M.. 
6 P. M.. 
6 P. M.. 
8 A.M.. 
8 A.M.. 
12 M... 
12 M... 
12M... 
6 P.M.. 
6 P.M.. 
6 P. M.. 
6 P. M.. 
6 P. M.. 
8 A. M.. 
8 A. M.. 
8 A.M.. 
8 A. M.. 
2 P.M.. 
6 P. M.. 
8 A. M.. 



10.4 
10.4 
10.4 
10.4 
11.0 
11.0 
11.4 
11.4 
11.4 
11.4 
12.0 
12.0 
12.2 
12.2 
12.2 
12.4 
12.4 
12.4 
12.4 
12.4 
13.0 
13.0 
13.0 
13.0 
13.2 
14.4 
15.0 



+ 

+ 
4- 
+ 

+ 



+ 

+ 

+ 
4- 
4- 
4- 
4- 
4- 
4- 
+ 
4- 
4- 
4- 
4- 



Av. 12 days. 
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Table II. 

MOLTINO PERIOD FOR REQSNERATINO FOURTH STAGE LOBSTERS, MUTILATED 
ONE DAY AFTER HOLT. 

SERIES A}. 



1 
2 


Molted to 
Fourth Stage 


Date of 
Mutilation. 


Molted to 
Fifth StM6. 


Regener- 
ated 
CheUpeds. 


Period for 
Regener- 
ating Lob- 
sters in 
days. 


Period for 
Non-regen- 
erating 
Lobsters 
in days. 


1 


July8;9A. M.... 
July8;9 A. M.... 
July8;9A. M... 
July 8; 9 A. M.... 
July8:9A. M.... 
July 8; 9. AM.... 
July8;9A. M.... 
July8;9A. M.... 
July 8; 9 A.M.... 
July8;9A. M.... 
July8;9H. M.... 
July 8; 9 A. M.... 
July8;9A. M.... 
July8;9A. M.... 
July 8; 9 A. M.... 
July 8; 9 A.M.... 
July8;9A. M... 
July8;9A. M... 
July8;9 A. M.... 
Jul*y8;9A. M.... 
July 8; 9 A.M.... 


July9;9A. M.... 
July 9; 9 A.M.... 
July9;9A. M... 
July9;9A. M... 
July9;9A. M... 
July9;9A. M.... 
July9;9A. M.... 
July 9; 9 A.M.... 
July9;9 A. M.... 
July9;9A. M.... 
July 9; 9 A.M.... 
July 9; 9 A.M.... 
July9;9 A. M.... 
July9;9A. M.... 
July9;9A. M.... 
July9;9A. M.... 
July9;9A. M.... 
July9;9A. M.... 
July9;9 A. M.... 
July 9; 9 A.M.... 
July 9; 9 A. M.... 


July 19: 8 A.M... 
July 19; 1P.M... 
July20;8A. M... 
July 20; 8 A.M... 
July 20; 1 P.M.. 
July 20; 1 P.M... 
July20;lP. M... 
July20;lP. M... 
July20;lP. M... 
July20;lP. M... 
July20;lP. M... 
July21;8A. M... 
July 21; 8 A.M... 
July 21; 1P.M... 
July21;lP. M... 
July 21; 1P.M... 
July21;lP. M... 
July21;lP.M... 
July21;lP.M... 
July 22; 1 P.M.. 
July 22; 1 P.M... 


+ 
+ 

+ 
4- 

+ 

+ 
+ 
+ 

4- 


11.0 
11.2 
12.0 
12.0 
12.2 
12.2 
12.2 
12.2 
12.2 
12.2 




2 




3 




4 




5 




6 




7 




8 




9 




10 




11 


12.2 


12 




13.0 


13 




13.0 


14 




13.2 


15 




13.2 


16 


13.2 
13.2 
13.2 
13.2 
14.2 
14.2 




17 




18 




19 




20 




21 




_ 














Av.12.5 
days. 


Av. 12 9 












days. 



All mutilations consisted in the removal of both chelipeds. 

+ or — , respectively, indicate that the lobster did or did not regenerate the chelipeds before 
molting to the fifth stage. 
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Table III. 

MOLTINQ PERIOD FOR REOENBRATmO FOURTH STAGE LOBSTERS, MUTILATED 
FOUR DAYS AFTER MOLT. 

SERIES A4. 



Molted to 
Fourth Stage. 



Date of 
Mutilation. 



Molted to 
Fifth Stage. 



Regener- 
ated 
Chelipeda. 



Period for 
Regener- 
ating Lob- 
sters in 
days. 



Period for 
Non-regen- 
erating 
Lobsters 
in days. 



July 8; 
July 8; 
July 8; 
July 8: 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 
July 8: 
July 8; 
July 8; 
July 8; 
July 8; 
July 8; 



1^ July 8; 
July 8; 
July 8; 
July 8; 
July 8; 



8 A.M.. 
8 A. M.. 
8 A. M.. 
8 A.M.. 
8 A.M.. 
8 A.M.. 
8 A. M.. 
8 A. M.. 
8 A.M.. 
8 A.M.. 
8 A. M.. 
8 A. M.. 
8 A.M. 
8 A.M.. 
8 A. M.. 
8 A. M.. 
8 A. M.. 
8 A. M.. 
8 A. M.. 
8 A.M.. 
8 A. M.. 
8 A.M.. 
8* A. M.. 



j July 12; 

IJuly 12; 

July 12; 

July 12; 

July 12; 

July 12; 

July 12; 

July 12; 

July 12; 

July 12; 

July 12; 

July 12; 

July 12; 

July 12; 

July 12; 

July 12; 

July 12; 

July 12; 

July 12; 

jjuly 12; 

'July 12; 

I July 12; 

I 

July 12; 



9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 



July 20; 
July 21 
July 21 
July 21 
July 21 
July 21 
July 21 
July 21 
July 21 
July 21 
July 21 
July 21 
July 21 
July 21 
July 22; 
July 22; 
July 23 
July 23 
July 23 
July 23 
July 24; 
July 24 
July 27 



12 M... 
8 A.M. 
8 A.M. 
1 P.M. 
1P.M. 
1P.M. 
1PM.. 
1P.M. 
1P.M. 
1P.M. 
1P.M. 
1P.M. 
1P.M. 
1P.M. 
12 M... 
12 M... 
8 A.M. 
8 A.M. 
1P.M. 
1P.M. 
8 A.M. 
1 P. M. 
8 A.M. 



4- 
+ 
4- 



+ 

-f- 
+ 



-f 

+ 
4- 
+ 



12.2 
13.0 



13.2 
18.2 
13.2 
13.2 



13.2 
13.2 
13.2 
13.2 
13.2 



14.2 
15.0 
15.0 
15.2 
15.2 
16.0 
16.2 
19.0 



13.0.. 



13.2 
13.2 



14.2 



Av. 14.2 
days. 



Av. 13.4 
dayB. 



All mutilations consisted in the removal of both chelipeds. 

4- or — , respectively, indicate that the lobster did or did not regenerate the chelipeds bef <we 
molting to the fifth stage. 
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c. Discussion of Results, 

A comparison of the data for series A, A^, and A4 demonstrates 
a relation between the length of the molting period and the process 
of regeneration. 

Twenty-seven of the 30 lobsters in series A were in a normal condi- 
tion before and after molting to the fifth stage. Out of the 21 
lobsters which molted to the fifth stage in series A^, 16 specimens 
had regenerated the chelipeds. In series A^, 23 of the 25 specimens 
lived and molted; 19 of them had regenerated the appendages 
removed by mutilation. 

The average number of days in molting from the fourth to the 
fifth stage was as follows: Series A, 12 days; series A^, 12.5 days; 
and series A4, 14.2 days. In series A4 the molting period was 2 J 
days longer than the corresponding period for series A. In other 
words, the normal molting period was lengthened over 18 per cent, 
in the regenerating lobsters. 

The effect of regeneration in these experiments is also graphically 
illustrated by the frequency curves in Chart VIII. If the process 
of regeneration really has lengthened the molting period, then both 
the climax and the general position of the curve for the regenerating 
series A4 should be to the right of the climax and position of the 
curve for the normal control series A. A comparative examination 
of the two curves plainly proves this to be the case; for the climax 
for curve A occurred July 20, while the corresponding climax for 
curve A4 occurred a day later, July 21. Again, curve A4 both 
begins and ends several days later than does curve A. Consequently 
the general outline or position of curve A4 has been shifted to the 
right of the normal curve A. It is clearly shown, therefore, that the 
molting period for the regenerating series is longer than the corre- 
sponding period for the normal series. 

It may be noted that the form of these two curves is not quite 
the same. This is largely due, probably, to the smaller number of 
individuals in series A4 than in series A. No doubt a larger number 
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of individuals would eliminate the irregularities in contour of the 
curves and make them very similar in outline. 

In regard to the value and conclusive character of these results 
it seems desirable to emphasize the fact that both series of lobsters 
(t. e. series A and A4) at the beginning of the experiment molted 
to the same stage on the same day; were practically equal in size, and 
all in a normal condition. The only difference between these two 
series was that in four days after the beginning of the experiment 
the process of regeneration was introduced into one, with the result 
that the process of molting was delayed in the regenerating series 
to such a degree that the average length of the molting period was 
18 per cent, longer than the corresponding period for the normal 
series. 

The fact that the effect of regeneration seems to vary according 
to the time of mutilation, as shown in series A^ as compared with 
series A4, will be considered under the next section. 

The results, however, of this experiment, together with the 
results of previous observations, and the experiments to be described 
later, indicate very conclusively that the molting dctivities of the 
lobster can be retarded by the process of regeneration. 

3. 

The Influence of the Time at Which the Process of Regenera- 
tion IS Introduced into the Period Between Molts, 
UPON THE Length of that Period. 

In the description of the experiments of the last section it was 
observed that there were reasons for expecting that a regeneration 
which began immediately after a molt might not greatly influence 
the length of the molting period. That this expectation was justified 
may be seen by comparing the length of the molting period of series 
Aj with the corresponding periods for series A and A4. The data 
shows that while in the one case, where the mutilations were made 
four days after the molt, the resulting regeneration lengthened the 
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normal molting period by 18 per cent.; on the other hand, in the 
mutilations made one day after the molt, the resulting regeneration 
only increased the rate of molting by the small amount of 1§ per 
cent. 

This marked difference in the results suggests the importance of a 
more careful study of the effect of introducing the process of regenera- 
tion at different times throughout the molting period. 

a. Experiments, 

The general plan of the following experiments was to select a large 
number of lobsters which are equal in age, are in the same stage, are 
: approximately equal in size, and in a normal condition; to separate 
these specimens into two groups; the one for mutilation, and the 
other to be retained in a normal condition to serve as a control; 
then to subdivide the former group into a number of smaller groups 
and to mutilate the lobsters in these sub-groups at several different 
times. 

A more detailed description of the experiments is as follows: 
On July 21, 1905, at 9 A. M., 160 lobsters were selected which had 
molted to the fourth stage during the preceding night. Only those 
individuals were selected which were nearly equal in size and in a 
normal condition. Sixty of these specimens were reserved as con- 
trols; the remaining 100 specimens were subdivided into ten groups 
of 10 lobsters each. Four days after the molt, on July 25 at 9 A. M., 
the lobsters in one of these ten sub-groups were mutilated. The 
mutilation consisted in causing the removal of both chelipeds. On 
each succeeding day, at as nearly the same time (9 A. M.) as was 
possible, a similar operation was performed oh another of the remain- 
ing sub-groups. Thus these ten mutilated groups of lobsters were 
arranged in a series characterized by a difference of one day in the 
time of mutilation in each case. 

For convenience in discussion the normal group will be desig- 
nated as series B; and the mutilated groups as series C4, C5, Cg, 
^€7, Cg, C9, CiQ, Cii, C12 and C^g. The series numerals in each case 
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indicate the number of days after the molt before the mutilations 
were made. 

b. Tabulations of Results, 

Table IV contains the record of the date of molt, and the length 
of the molting period for each of the normal lobsters in series B. 
The specimens which died or were injured during the course of the 
experiment were discarded and are not included in the table. 

The data for the ten series of mutilated lobsters are arranged in 
Table V. The records for each series contain the data of molt, the 
time of mutilation, the length of the molting period, and the condi- 
tion of every specimen before and after each molt. The data for 
the individuals which had not regenerated the chelipeds by the 
time of molting are placed in a separate column, as may be seen in 
the table. 

A fact in connection with lobsters Nos. 43, 44, 45, and 46 in Table 
IV is worthy of note at this place. It may be seen by examining the 
table that by August 8 all the normal lobsters had molted to the fifth 
stage, but there were still four specimens left which did not molt 
till several days later. This tardiness in molting aroused suspicion, 
and a closer examination was made to ascertain whether these four 
lobsters were really in a normal condition. It was most interesting 
to discover that, vylthout exception^ each of these specimens had received 
injuries on the ventral side of the abdomen: three of the specimens 
were each regenerating a swimmeret, and on the fourth lobster as 
many as five of the swimmerets were missing. This case seems es- 
pecially interesting because, unintentionally, it is again shown 
that the tendency of regeneration is to retard the rate of molting. 
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Table IV. 

MOLTING PERIOD FOR NORMAL FOURTH STAGS LOBSTERS. 
SERIES B. 



i 
i 


Molt<»dto 
Fourth Stage. 


Condition. 


Molted to 
Fifth Stage. 


Molting 
Period 
in days. 


Condition. 




1905. 




1906. 






1 


July 21; 9 A.M.*. 
July 2:9A.M... 


Normal 

Normal 


Aug. 2; 8 A. M. . . . 


12.0 
12.3 




2 


Aug. 2 


6 P.M.... 


Normal. 


3 


July 21; 9 A.M.. 


Normal 


Aug. 2 


5 P.M.... 


12.3 


Normal. 


4 


July 21; 9 A.M... 


Normal 


Aug. 3 


IP. M... 


13.2 


Normal. 


5 


July 21; 9 A.M... 


Normal 


Aug. 3 


1P.M... 


13.2 


Normal. 


6 


July 21; 9 A.M... 


Normal 


Aug. 3 


1P.M.... 


13.2 


Normal. 


7 


July 21; 9 A.M... 


Normal 


Aug. 3 


7 P.M... 


13.4 


Normal. 


8 


July 21; 9 A.M... 


Normal 


Aug. 4 


1P.M.... 


14.2 


Normal. 


9 


July21;9A.M... 


Normal 


Aug. 4 


1P.M.... 


14.2 


Normal. 


10 


July 21; 9 A.M... 


Normal 


Aug. 4 


1P.M... 


14.2 


Normal. 


11 


July 21; 9 A.M... 


Normal 


Aug. 4 


1P.M.... 


14.2 


Normal. 


12 


July 21; 9 A.M... 


Normal 


Aug. 4 


IP. M. ... 


14.2 


Normal. 


13 


July 21; 9 A.M... 


Normal 


Aug. 4 


1P.M.... 


14.2 


Normal. 


14 


July21;9A. M... 


Normal 


Aug. 4 


7 P.M.... 


14.4 


Normal. 


16 


July 21; 9 A.M... 


Normal 


Aug. 4 


7 P.M.... 


14.4 


Normal. 


16 


July21;9A. M... 


Normal 


Aug. 4 


7 P.M.... 


14.4 


Normal. 


17 


July 21; 9 A.M... 


Normal 


Aug. 5 


1P.M.... 


15.2 


Normal. 


18 


July 21; 9 A.M... 


Normal 


Aug. 6 


IP. M.... 


15.2 


Normal. 


19 


July 21; 9 A.M... 


Normal 


Aug. 5 


1P.M.... 


15.2 


Normal. 


20 


July 21; 9 A.M... 


Normal 


Aug. 6 


6 P.M.... 


15.4 


Normal. 


21 


July 21; 9 A.M... 


Normal 


Aug. 6 


6 P.M.... 


15.4 


Normal. 


22 


July 21; 9 A.M... 


Normal 


Aug. 6 


8 A.M.... 


16.0 


Normal. 


23 


July 21; 9 A.M... 


Normal 


Aug. 6 


8 A.M.... 


16.0 


Normal. 


24 


July 21; 9 A.M... 


Normal 


Aug. 6 


8 A.M.... 


16.0 


Normal. 


25 


July 21; 9 A.M... 


Normal 


Aug. 6 


8 A.M.... 


16.0 


Normal. 


26 


July 21; 9 A.M... 


Normal 


Aug. 6 


8 A.M.... 


16.0 


Normal. 


27 


July 21; 9 A.M... 


Normal 


Aug. 6 


8 A.M.... 


16.0 


Normal. 


28 


July 21; 9 A.M... 


Normal 


Aug. 6 


1P.M.... 


16.2 


Normal. 


29 


July 21; 9 A.M... 


Normal 


Aug. 6 


IP. M... 


16.2 


Normal. 


30 


July 21; 9 A.M... 


Normal 


Aug. 6 


1P.M.... 


16.2 


Normal. 


31 


July21;9A. M... 


Normal 


Aug. 6 


6 P.M.... 


16.4 


Normal. 
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Table IV. 

MOLTING PERIOD FOR FOURTH STAGE LOBSTERS. 

SERIES B. — Concluded. 



1 


Molted to 
Fourth Stage. 


Condition. 


Molted to 
Fifth Stage. 


Molting 
Period 
in days. 


Condition. 




1906. 




1905. 






32 


July 21; 9 A.M... 


Normal 


Aug. 6; 6 P.M.... 


16.4 


Normal. 


33 


July21:9A. M... 


Normal 


Aug. 6; 6 P.M.... 


16.4 


Normal. 


34 


July 21. 9 A.M... 


Normal 


Aug. 7; 8 A.M.... 


17.0 


Normal. 


36 


July 21; 9 A.M... 


Normal 


Aug. 7; 8 A.M.... 


17.0 


Normal. 


36 


July21;9A.M... 


Normal 


Aug. 7; 8 A.M.... 


17.0 


Normal. 


37 


July 21; 9 A.M... 


Normal 


Aug.7;2P. M.... 


17.2 


NormaL 


38 


July21;9A. M... 


Normal 


Aug. 8: 10 A.M... 


18.0 


Normal. 


89 


July 21; 9 A.M.. 


Normal 


Aug. 8; 10 A.M... 


18.0 


Normal. 


40 


July 21; 9 A.M.. 


Normal 


Aug.8;lP. M... 


18.2 


Normal. 


41 


July 21; 9 A.M... 


Normal 


Aug.8;lP. M... 


18.2 


Normal. 


42 


July 21; 9 A.M... 


Normal 


Aug. 8; 6 P.M.... 


18.4 


Normal. 


43 


July 21; 9 A.M... 


Not normal. 


Aug. 10; 8 A.M... 


20.0 


6 swimmerets gone. 


44 


July 21; 9 A.M... 


Not normal. 


Aug. 10; 8 A.M... 


20.0 


Reg. Ist right swimmeiet. ^ 


45 


July 21; 9 A.M... 


Not normal. 


Aug. 10; 8 A.M... 


20.0 




46 


July 21; 9 A.M... 


Not normal . 


Aug. 13: A.M... 


23.0 


Reg. 2nd left swimmeret. J 










Av. 16.4 
days. 




! 







*Theee four spedmeni had reoeiyed injuries on the ventral side of the abdomen, and- are not 
included in the general average. 
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Table V. 

LXNQTH OF THE MOJJTISQ PERIODS FOR REGENERATING FOURTH STAGE LOB- 
STERS IN WHICH THE MUTILATIONS WERE MADE AT DIFFERENT 
TIMES IN THAT PERIOD. . 



SERIES C4. 



No. 



Molted to 
Fourth Stage. 



Date of 
Mutilation. 



Molted to 
Fifth Stage. 



Regener- 
ated 
chelipeda. 



Jj 



a 

Hi 




1 
2 
3 

4 
6 
6 
7 
8 
9 
10 



1906. 
July 21; 9 A.M. 

July 21; 9 A.M. 

July 21; 9 A.M. 

July 21; 9 A.M. 

July 21; 9 A.M. 

July 21; 9 A.M. 

July 21; 9 A.M. 

July 21; 9 A.M. 

July 21; 9 A.M. 

July 21; 9 A.M. 



1905. 
July 25; 9 A.M.. 

July 25; 9 A. M. . 

July 26: 9 A. M. . 

July 25; 9 A.M.. 

July 25; 9 A. M. . 

July 25; 9 A.M.. 

July 25; 9 A.M. 

July 25; 9 A. M. . , 

July 25; 9 A.M.. 

July25;9A. M... 



1905. 
Aug. 4; 7 P.M... 

Aug. 6; 1P.M... 

Aug. 6; 1 P.M... 

Aug. 6: 1P.M.. 

Aug. 6; 1 P. M.. . 

Aug. 6; 6 P. M.. . 

.'Aug. 7; 5 P.M... 
I 
jAug. 8;10A. M. 

. I Aug. 8; 1P.M... 

Aug. 9; 2 P.M... 



+ 
4- 
H- 
+ 

4- 
+ 



14.4 
16.2 
16.2 
16.2 
16.2 
16.4 
17.3 
18.0 
18.2 
19.2 



Av; 
10 



Av.16.8 
days. 



SERIES Cft. 



1 
2 
3 

4 
5 
6 
7 
8 
9 
10 



July 21; 9 A.M. 
July 21; 9 A.M. 
July 21; 9 A.M. 
July 21; 9 A.M. 
July 21; 9 A.M. 
July 21; 9 A.M. 
July 21; 9 A.M. 
July 21; 9 A.M. 
July 21; 9 A.M. 
July 21: 9 A.M. 



July 26; 
July 26; 
July 26; 
July 26; 
July 26; 
July 26; 
July 26; 
July 26; 
July 26; 
July 26; 



9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 



Aug. 5; 6 P. M.. . 
Aug. 6; 8 P.M... 
Aug. 6; 8 A.M... 
Aug. 6; 8 A.M... 
Aug. 7; 2 P.M... 
Aug. 7; 5 P.M... 
Aug. 8; 10 A.M.. 
Aug. 8; 1 P. M.. . 



+ 






16.0 
16.0 
16.0 
17.2 



15.4 



17.3 



18.0 
18.2 



Av. 8 



I 



Av.16.9 Av.16.3 
days.- days. 



*Did not live to molt to fifth stage. 

+ or — , respectively, indicate that the lobster did or did not regenerate the chelipeds bto- 
lore molting to fifth stage. 
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Tablb V. 

LENGTH OF THB MOL/TINQ PERIODB FOR RBGBNSRATINQ FOURTH 8TAQB LOB- 
STERS, m WHICH THB MUTILATIONS WEBB MADE AT DIFFBRENT 

TiMEa IN THAT PERIOD. — Continued. 

SERIES C«. 



No. 


Molted to 
Fourth Stage. 


Date of 
MutiUUona. 


Molted to 
Fifth Stage/ 


Regener- 
ated 
Chelipeds. 


Period for 
Regenerating 
Lobsters in 
Days. 


•Period for Non- 
Lobsters in 
Days. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


1905. 
July21;9A. M... 

July 21; 9 A.M... 

July 21; 9 A.M... 

July21;9A. M... 

July21;9A. M... 

July21;9A. M... 

July21;9A. M... 

July21;9A. M... 

July21;9A. M... 

July 21; 9 A.M... 


1905. 
July27;9A. M... 

July 27; 9 A.M... 

July27;9A. M... 

July27;9A. M ... 

July 27; 9 A.M... 

July 27; 9 A.M... 

July 27; 9 A.M... 

July27;9A. M... 

July 27; 9 A.M... 

July 27; 9 A. M... 


1905. 
Aug. 6; 8 A.M... 

Aug. 6; 1P.M... 
Aug. 6; 1P.M... 
Aug. 7; 8 A.M... 
Aug. 7; 2 P.M... 
Aug. 7; 5 P.M... 
Aug. 9; 2 P.M... 
Aug. 10; 6 P.M... 
Aug. 11; 6 P.M... 
♦ 


+ 

+ 
4- 
4- 
+ 
-f 
4- 
4- 


16.0 
16.2 
16.2 
17.0 
17.2 
17.3 
19.2 
20.4 
21.4 
















Av. 9 
cases. 






1 


Av. 17 
days. 




J 






1 -••• 





1 

2 
3 

4 
5 
6 
7 
8 
9 
10 



July 21; 9 A.M.. 
July 21; 9 A.M.. 
July 21:9A.M.. 
July 21; 9 A.M.. 
July 21; 9 A. M. . 
July 21: 9 A.M.. 
July 21; 9 A.M.. 
July 21; 9 A.M.. 



SERIES C;. 



July 28; 9 A.M.. 
July 28; 9 A.M.. 
July 28; 9 A.M.. 
July 28; 9 A.M.. 
July 28; 9 A.M.. 
July 28; 9 A.M.. 
July 28; 9 A.M.. 
July 28; 9 A.M.. 



July 21; 9 A. M. . . July 28; 9 A. M 



July 21; 9 A.M. 



Aug. 2; 1 P.M... 
Aug. 2; 6 P.M... 
Aug. 4; 1 P.M... 
Aug. 7; 2 P.M... 
Aug. 7; 2 P.M... 
Aug. 7; 5 P.M... 
Aug. 8; 6 P.M... 
Aug. 9; 2 P.M... 
Aug. 9; 6 P.M... 



4- 
+ 
-h 

4- 
4- 



July28:9A. M...' * 



17.2 
17.2 
17.8 



19.2 
19.4 



12.2 
12.3 
14.2 



18.4 



Av. 9 
case8. 



I 



1 



Av.18.1 
days. 



Av.14.3 
days. 



♦Did not live to molt to fifth stage. 

-\- or — , respectively, indicate that the lobster did or did not regenerate the chelipeds be- 
ore molting to fifth stage. 
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Table V. 

LXNOTH OP THE MOI/TINO PERIODS FOR REOENSRATINO FOURTH STAGE LOB- 
STERS, m WHICH THE MUTILATIONS WERE MADE AT DIFFERENT 

TIMES IN THAT PERIOD. — Continued. 

SERIES Cg. 



No. 


Molted to 
Fourth Stage. 


Date of t Molted to 
Mutilations. Fifth Stage. 


Regener- 
ated. 
CheUpeds. 


Period for 
Regenerating 
Lobsters, in 
Days. 


Period for Non- 
Regenerating 
Lobsters in 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 


1905. 
July21;9A. M... 

July21;9A. M... 

July21;9A. M... 

July21;9A. M... 

July21;9A. M... 

July21;9A. M... 

July21;9A. M... 

July21;9A. M... 

July 21; 9 A.M... 

July 21; 9 A.M... 


1905. 
July29;9A. M... 

July29;9A. M... 

July29:9A. M... 

July 29; 9 A. M. . . 

July 29; 9 A. M. . . 

July 29; 9 A.M... 

July29;9A. M ... 

July29;9A. M... 

July 29; 9 A. M... 

July29;9A. M... 


1905. 
Aug. 2; 5 P.M... 

Aug. 3; 7 P.M... 

Aug. 4; 7 P.M... 

Aug. 6; 1 P.M... 

Aug. 7; 5 P.M... 

Aug. 8; 10 A. M. 

Aug. 8; 10 A. M . 

Aug. 9; 2 P.M... 

Aug. 9; 6 P.M... 

Aug. 10; 2 P.M... 


1 1 1 1 + + + + + + 


17.3 
18.0 
18.0 
19.2 
19.4 
20.2 


12.3 
13.4 
14.4 
16.2 




Av. 

10 
cases. 










Av. 18.7'av. 14.1 

davs. t rlavfi. 


















SERIES Cg 



1 

2 
3 
4 

5 
6 

7 
8 
9 


July21;9A. M... 
July21;9A. M... 
July21;9A. M... 
July21;9A. M... 
July21;9A. M... 
July 21; 9 A.M... 
July21;9A. M... 
July 21; 9 A.M... 
July21;9A. M... 


July30;9A. M... 
July30;9 A. M... 
July30;9A. M... 
July30;9A. M... 
July30;9A. M... 
July30;9A. M... 
July30;9 A. M... 
July30;9A. M... 
July 30; 9 A. M... 


Aug. 3; 1 P.M... 
Aug. 5; 6 P.M... 
Aug. 6; 1 P.M... 
Aug. 7; 8 A.M... 
Aug. 9; 2 P.M... 
Aug. 9; 2 P.M... 
Aug. 10; 2 P.M... 
Aug. 23; 6 P.M... 
* 


1 

1 1 1 + + + + 1 


17.0 
19.2 
19.2 
20.2 


13.2 
15.4 
16.2 

$23.4 


10 


July21;9A. M... 


July 30; 9 A. M 


♦ 




















Av.8 
oases. 


1 






Av. 18.9 
days. 


Av. 14.9 
days. 




1 







*Did not live to molt to fifth ntage. 
. + or — , respectively, indicate that the lobster did or did not regenerate the chelipeds be- 
fore moltins to fifth sta^. 

fLobster No. 8, Senes C», seemed such an exceptional case that it was not included in 
the average. 
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Table V. 

LENGTH OF THE MOLTING PERIODS FOR REGENERATING FOURTH STAGE LOB- 
STERS, IN WHICH THE MX7TILATIONS WERE MADE AT DIFFERENT 

TIMES IN THAT PERIOD. — Continued. 

SERIES CiQ. 



No. 



Molted to 
Fourth Stace. 



Date of 
MutilationB. 



Molted to ^"ST" I 11 




1 
2 
3 

4 
6 
6 
7 
8 
9 
10 



July 
July 
July 
July 
July 
July 
July 
July 
July 
July 



1905. 
21; 9 A.M. 

21; 9 A.M. 

21; 9 A.M. 

21; 9 A.M. 

21; 9 A.M. 

21; 9 A.M. 

21; 9 A.M. 

21; 9 A.M. 

21; 9 A.M. 

21; 9 A.M. 



1906. 
July 31; 9 A.M. 

July 31; 9 A.M. 

July31;9A. M. 

July 31; 9 A.M. 

July31;9A. M. 

July 31; 9 A.M. 

July 31; 9 A.M. 

July31;9A. M. 

July31:9A. M. 

July31;9A. M. 



1906. 
Aug. 1;6P. M... 

Aug. 4; 7 P.M... 

Aug. 6; 1P.M... 

Aug. 6; 1P.M... 

Aug. 9; 6 P.M... 

Aug. 10; 8 A.M... 

Aug. 11; 2 P.M... 

Aug. 11:6 P.M... 

Aug. 12; 6 A.M... 



+ 


19.4 


+ 


20.0 


+ 


21.2 


+ 


21.4 


+ 


21.8 



11.4 
14.4 
16.2 
16.2 



Av. 9 



At. 20.8 
days 



At. 14.0 
days. 



SERIES Cu- 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



July 21; 9 A.M. 
July21;9A. M. 
July 21; 9 A.M. 
July 21; 9 A.M. 
July 21; 9 A.M. 
July 21; 9 A.M. 
July 21; 9 A.M. 
July 21; 9 A.M. 
July 21; 9 A.M. 
July 21; 9 A.M. 



Aug. 1; 
Aug. 1; 
Aug. 1; 
Aug. 1; 
Aug. 1; 
Aug. 1; 
Aug. 1; 
Aug. 1; 
Aug. 1; 
Aug. 1; 



9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 
9 A.M. 



..lAug. 2; 6 P.M... 
..Aug. 2; 6 P.M... 
..Aug. 4; 1P.M... 
..iAug. 5; 1P.M... 
..'Aug. 6; 8 A.M... 

.lAug. 6; 1P.M... 
..jAug. 8; lOA. M.. 
..lAug. 10;2P. M... 

.lAug. 13;6P. M... 






20.2 
23.3 



11.3 
11.3 
14.^ 
16.2 
16.0 
16.2 
18.0 



Av9 



At. 21.7 
days. 



At. 14.6 
daars. 



*Did not live to molt to fifth stage. 

+ or — . respectively, indicate that the lobster did or did not regenerate the ohelipeds be- 
fore molting to fifth stage. 
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Table V. — Concluded. 

BERISB Cjs. 



No. 


Molted to 
Fourth Stage. 


Date of 


Molted to 
Fifth Stage. 


Regener- 
ated 
Chelipeds. 


^.|.9 


Ifj 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 


1906. 
July21:9A. M... 

July21;9A. M ... 

July21;9A. M... 

July21;9A. M... 

July 21; 9 A.M... 

July 21; 9 A.M.. 

July 21; 9 A.M... 

July 21; 9 A.M... 

July 21; 9 A.M.. 

July 21; 9 A.M... 


1906. 
Aug. 2; 9 A.M.. 

Aug. 2; 9 A.M. .. 

Aug. 2; 9 A.M.. 

Aug. 2; 9 A.M.... 

Aug. 2; 9 A.M.... 

Aug. 2; 9 A.M.... 

Aug. 2; 9 A.M.... 

Aug. 2; 9 A.M.... 

Aug. 2; 9 A.M.... 

Aug. 2; 9 A.M.... 


1906. 
Aug. 3; 6 A.M... 

Aug. 3; 1P.M... 

Aug. 4; 1P.M... 

Aug. 6; 1P.M... 

Aug. 6; 1P.M... 

Aug. 7; 8 A.M... 

Aug. 7; 8 A.M.. 

Aug. 12; 6 A.M... 

Aug. 12; 6 P.M... 

Aug. 13; 7 A.M... 


4- 


22.9 


12.8 
13.2 
14.2 
16.2 
16.2 
17.0 
17.0 
21.8 
22.4 


Av.lO 
eases. 










Av. 22.9 
days. 


Av. 16.6 
days. 











SERIES Cr 



1 

2 
3 
4 
6 
6 
7 
8 
9 
10 


July21;9A. M... 
July21;9A. M... 
July21;9A. M .. 
July21;9A. M... 
July21;9A. M... 
July 21; 9 A.M.. 
July21;9A. M... 
July 21; 9 A.M... 
July21:9A.M ... 
July21;9A.M ... 


Aug. 3; 9 A.M.... 
Aug. 3; 9 A.M.... 
Aug. 3; 9 A.M.... 
Aug. 3; 9 A.M.... 
Aug.3;9A. M... 
Aug. 3; 9 A.M.. 
Aug. 3; 9 A. M... 
Aug.3;9A. M... 
Aug. 3; 9 A.M.... 
Aug.3;9A. M... 


Aug. 3; 1P.M... 
Aug. 3;1P. M... 
Aug. 4; 1P.M... 
Aug. 6; 6 P.M... 
Aug 8; 10 A.M.. 
Aug. 8; 6 P.M.. 
Aug. 10; 8 A.M... 
Aug. 10; 6 A.M... 
Aug. 13; 7 A.M... 
♦ 


4- 


20.4 
22.9 


13.2 
13.2 
14.2 
15.4 
18.0 
18.4 
20.0 














Av.9 

CftfWff. 










Av. 21.6 
days. 


Av. 16.0 

days. 















All mutilations consisted in the removal of both chelipeds. 

The sub-numerals in each series indicate the number of days after the molt before the mutila 
tions were made; thus "Series C«" indicates that the chelipeds were removed four days after 
molting. 

*Did not live to molt to fifth stage. 

+ or — , respectively indicate that the lobster did or did not regenerate the chelipeds before 
molting to fifth stage. 
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c. Discussion of Results. 

In series B, 42 lobsters molted to the fifth stage and were in a 
normal condition throughout the experiment. The average length 
of the normal molting period was 15.4 days. 

In the mutilated series, 91 of the 100 specimens molted to the 
fifth stage. In regard to the regeneration of the chelipeds, it may 
be noticed from the data in Table V that from series C4 to series 
C13, inclusive, there was a rapid decrease in the number of individuals 
which had regenerated the chelipeds by the time the molt occurred. 
The significance of this will be discussed later: for our present purpose 
we are only concerned with those specimens in which the process 
of regeneration was actually introduced and the chelipeds regenerated 
by the time the next molt took place. 

The average length of the molting periods of the regenerating 
lobsters is as follows: 



Series. 


Days. 


C4 = 


16.8 


C5 = 


16.9 


Ce = 


17.9 


C7 = 


18.1 


Cs = 


18.7 



Series. 




Day.. 


c. 


= 


18.9 


Cio 


= 


20.8 


Cu 


= 


21.7 


C12 


= 


22.9 


c,. 


= 


21.6 



Keeping in mind that the series numeral in each case indicates 
the number of days after the molt, before the chelipeds were removed, 
it is quickly seen that there is a gradual lengthening of the molting 
period, corresponding very closely with the time at which the re- 
generative process was introduced. 

This relation between the molting period and regeneration is 
even more clearly brought out by a comparsion of the percentage 
by which the normal molting period has been lengthened for each 
regenerating series. This is shown by the following figures, in which 
one column represents the percentage by which the molting period 
for the regenerating lobsters in the corresponding series has been 
lengthened as compared with the normal period: 



Digitized by LjOOQIC 



REPORT OF COMMISSIONERS OF INLAND FISHERIES. 



281 



Series. 



c«. 



Percentage 

of increase 

in length of 

Molting Period. 



9.0 

9.7 

16.2 

17.6 

21.4 



Series. 



-'10- 



Cn 



^12- 



^13 



Percentage 

of inoreaae 

in length of 

Molting Period. 



22.7 
35.0 
40.9 
48.7 
40.2 



From this comparison it is evident that in this series, in which the 
process of regeneration had been introduced at intervals ranging 
from four to thirteen days after the molt, there was an increase in 
the length of the molting period, as compared with the normal period, 
ranging from 9 per cent, to the remarkable amount of 48.7 per cent. 

The graphical presentation of the data, as shown in Chart IX, 
demonstrates in another way the nature of the results of the experi- 
ment. This chart represents the molting periods for the regenerating 
and normal lobsters in each series, and furnishes a ready comparison 
both for the differences in the average time of molting and for the 
variation of the individuals of each series about these averages. 

The heavy black line slightly below the central part of the figure 
represents the average time in which the normal lobsters in series 
B molted to the fifth stage. The variations of these 42 specimens 
around this average are indicated by the dotted line crossing it near 
the centre. 

The upper part of the figure is broken up into ten segments 
representing the series C4 to Cjg, inclusive. The width of each 
segment is governed by the number of lobsters which regenerated 
the chelipeds in each series. The heavy discontinuous lines in each 
segment represent the average time of molting for the regenerating 
specimens of each series. It may also be noticed that the order of 
the segments is determined by the time of mutilation, so that the 
averages are, accordingly, arranged in a series corresponding to 
the time at which the regenerative process was introduced into the 
molting period. The light dotted lines indicate the variation about 
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these averages. Finally, the differences in the levels of the lines 
representing the regenerating specimens indicate the extent to which 
the rate of molting has been delayed in the regenerating series, both 
as compared with each other and as compared with the rate for the 
normal specimens. 

The effect of introducing the process of regeneration at different 
times in the molting period may be readily perceived. Keeping in 
mind the significance of the elevation of different lines, it is im- 
mediately seen that the average date of molting for the regenerating 
specimens rises in an ascending series, corresponding in a remarkable 
way with the time of mutilation. Again, a comparison of the eleva- 
tion of the regenerating averages above the normal level shows a 
gradual increase in the length of the molting periods for each suces- 
sive regenerating series. 

From a more detailed examination it is also apparent that the 
variation in the date of molting for both the regenerating and normal 
specimens, around their respective averages, is fairly constant; and 
that in the regenerating series, beginning with series C4, there is a 
gradual elevation of the point at which the variation begins. 

Thus from these comparisons of the averages for the date of molt- 
ing, and the individual variations about these averages, it seems very 
eyident that there is an increasing delay in the time of molting for 
each series of regenerating lobsters; and also that this delay is 
closely correlated with the time at which the process of regeneration began. 

There is a slight irregularity in the averages for series Cn, C12, 
and C13; but it should be observed that, in series Cn and C13, 
there were but two specimens, and in series C12 there was only one 
specimen, which actually regenerated the chelipeds: so that the 
comparative irregularity in the averages derived from such a small 
number of individuals does not detract from the essential character 
of the results. ' 

This experiment, then, clearly demonstrates that, if the regenera- 
tion of a cheliped begins immediately after a molt, the length of the 
molting period may be affected very slightly, if at all; that, on the 



Digitized by LjOOQIC 



REPORT OF COMMISSIONERS OF INLAND FISHERIES. 283 

other hand, if the regeneration begins extremely late in the period, 
the molting period may be increased in length by even as much 
as 48 per cent., or, in other words, by neariy one-half the normal 
period. Accordingly, since the effect of the regenerative process in 
this experiment is fairly proportionate to the time at which it was 
introduced, the relation may be stated as follows: the later the time 
at which regeneration begins after the moltj the greater the length of the i 
entire molting period of the lobster. 

In estimating for comparative purposes the value of the conditions 
involved in the experiments so far described, the following observa- 
tion seems important. 

In the introduction to the present subject reference was made to 
the fact that the season of the year, or, rather, the temperature of the 
water, which is the essential condition in this instance, has a marked 
influence upon the length of the molting period. This effect is well 
illustrated by a comparison of the normal molting period for series 
A with the normal period for series B, in the preceding experiments. 

The lobsters in these two series, it may be recalled, were all in the 
same stage and in a normal condition. Accordingly it might natur- 
ally be expected that, in both series, the molting periods would be 
practically equal in length. But this was not the case, for while 
the average period for series A was only 12 days, the corresponding 
period for series B was 15.4 days; so that, instead of an approximate 
equality in length, there is a difference of 3.4 days, or an increase of 
over 28 per cent., in the average length of the normal molting 
period in favor of series B. 

During the course of the experiment with series B it was noticed 
that the general condition of the weather was cooler than it had been 
during the previous experiment; indeed, this was so evident that it 
suggested that this fall in temperature might account for the longer 
molting period for series B, and accordingly a note of this observation 
was made in the daily records. Now, since apparently the only dif- 
ference in the conditions involved in these two series of lobsters 
consisted in the time at which the experiments were made, it is 
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interesting to see to what extent the difference in the results may be 
correlated with a difference in temperatures. 

It may be seen from the data for these experiments that the molting 
period for series A extended over the interval between July 8 and 
July 22; while series B molted between the dates July 21 and August 
8. In order to ascertain to what extent there was a difference in 
the temperature for these two periods corresponding with the differ- 
ences in molting, a comparison of the water temperature during these 
periods is necessary. The following average temperature readings 
of the water are taken from the Station records.* 

Average Water Temperatures During the Periods for Series 
A and Series B, 

Series A. Series B. 

July 8....... 74° July 21 74° 

July 10 74.5° July 22 74° 

July 10 74.6° July 23 72° 

July 11 77° July 24 73° 

July 12 75° July 25 68.5° 

July 13 75.5° July 26 69.5° 

July 14 74° .July 27 68.5° 

July 15 74° July 29 69.5° 

July 16 76° July 30 72° 

July 17 77.5° July 31 71° 

July 18 76.5° August 1 68° 

July 19 76.5° August 2 68.5° 

July 20 74° fAugust 8 72° 



July 21 74° 

July 22 74° Average 70° 

Average 75° 



*See chart V, page 29, Report of Rhode Island Comminion of Inland Fiaheries for 1906. 
tAIter the cloamg of the lobster hat«hing season, the temperature teadintfs at the station 
were not taken every day, so it was not possible to get daily readings Tor the month of 
August. 
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A comparison of these temperatures shows that during the first 
part of July the water was much warmer than for the last part of 
July and the first part of August, so that there was a difference of as 
much as 5® in the average temperature for these two periods in favor 
of series A. 

This comparatively large difference in temperature undoubtedly 
accounts, to a very large degree, for the corresponding difference in 
the normal molting periods for the two series of lobsters. This fact 
very clearly demonstrates the importance of securing similar condi- 
tions in season and temperature for experiments of this nature in 
order to obtain the most reliable data for comparative purposes. 

Again, it may also be observed in the above temperature readings 
that, during the latter part of July, there was a gradual decline in 
the temperature of the water. Now, since in the experiments with 
series C4 to €13 the last molts occurred at late as August 13, it , 
might be suggested that, possibly, the delay in molting in these 
specimens may have been partly due to a decline in temperature 
as well as to the process of regeneration. That this could not have 
been the case, however, may be readily seen from the following 
temperature readings of the water up to August 13 : 

August 1 68° 

August 2 68.5° 

Augusts 72° 

August 9 74° 

August 12 78° 

From these readings it will be seen that for some climatic \reason, 
instead of a decline, there was a marked rise in the temperature 
of the water from August 1 to August 13. 

This marked increase in temperature during the latter part of the 
molting period for series C4 to C13 would evidently tend to hasten 
rather than retard the rate of molting. Accordingly, the tempera- 
ture conditions in the latter part of this experiment, instead of 
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detracting, serve to emphasize the influence of regeneration in length- 
ening the molting period of these lobsters. 

4. 

The Influence of Variation in the Amount of Regeneration^ 
AS Determined by Different Degrees of Injury, upon 
THE Length of the Period Between Molts. 

In the preceding study of the effect of regeneration upon the rate 
of molting it will be noticed that in all the experiments the mutila- 
tions consisted in the removal of the two chelipeds, and that, conse- 
quently, the amount of regeneration consisted only in the develop- 
ment of these two limbs; i. e. the degree of injury and the resultant 
amount of regeneration was constant. 

The results of these experiments show that the effect of regeneration 
was to lengthen the molting period. In view of this fact the questioa 
arises whether, with an increase in the degree of injury, or, in other 
words, an increase in the amount of regeneration, there is also a 
corresponding increase in the length of the molting period. 

a. Experiments. 

At the time when the following experiment was made it was so 
late in the season that it was not possible to obtain lobsters whiieh 
were in the same stage as the specimens in the preceding experiments. 
The only available source for material at this time was a group of 
sixth stage lobsters which were being kept for a study of the effect 
of regeneration upon the rate of growth. These lobsters had all 
been mutilated in the fifth stage, but they had regenerated the 
injured limbs and molted to the sixth stage in practically a normal 
condition. From this group of lobsters 12 specimens were selected 
which had all molted to the sixth stage at nearly the same timer 
August 24 and 25. Since the observations on the group of lobsters 
from which these specimens were selected were made but once a day^ 
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^nd that generally during the forenoon, the date of molting to the 
sixth stage for each specimen is recorded as having occurred at 12 M. 

In order to secure better conditions for comparative purposes, 
these specimens were also selected in pairs, the members of which 
were equal in size. Accordingly these 12 lobsters were arranged into 
six groups, with two specimens of equal length in each group. 

Three days after the molt to the sixth stage each specimen was 
mutilated so as to cause the autotomy of some of the limbs. The 
degree of mutilation was such that one lobster in each group had only 
the right cheliped removed, while the other member of each group 
had both chelipeds and the third and fourth pairs of walking legs 
removed. Accordingly, in regard to the number of limbs removed, 
the degree of mutilation for half of these lobsters was six times more 
than for the remaining specimens. The group of specimens with 
only one cheliped gone will be designated as series D, and the other 
group, with the larger degree of mutilation, as series E. 

It is evident from the previous results that, if the mutilations in 
the present experiment had been made later in the molting period, 
the effect upon the length of the period would have been much 
greater. But, on the other hand, it is equally evident that in a later 
mutilation it is not so certain that the injury will be followed by the 
regeneration of the limb. Accordingly, in order to increase the 
chances that all the mutilations would be succeeded by the regenera- 
tion of the limbs before the next molt, the operations were made 
early in the molting period. If, however, the amount of regeneration, 
as determined by the degree of injury, has any influence upon 
length of the molting period, it seemed reasonable to expect that, 
even under these rather unfavorable conditions in regard to the 
time of mutilation, there ought to be some difference in the molting 
periods of these two series of lobsters corresponding to a difference 
in the degree of injury. 
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6. Tabulation of Results. 

Table VI contains the records of the experiment. The data 
includes the time of mutilation, the date of molting, and the condi- 
tion and length of each specimen after molting. The length of the 
lobster is the measurement from the tip of the rostrum to the end 
of the telson in millimeters. 

Table VI. 

THE INFLUENCE OF THE AMOUNT OF REGENERATION AS DETERMINED BY THE 
DEGREE OF INJURY, UPON THE LENGTH OF THE MOI/TINQ PERIOD. 

SERIES D. — {Right Cheliped Removed). 



No. 


Molted to 
Sixth stage. 


Length 
in mm. 


Date of Mutilation. 


Molted to 
Seventh Stage. 


Length 


in Days. 


14 


Aug. 25 


12 M. 


15.0 


Aug. 28; 4 P. M. 


Sept. 8; 8 A. M. 


17.5 


13.9 


16 


Aug. 24 


12 M. 


15.5 


Aug. 27; 4 P. M. 


Sept. 10; 6 A. M. 


18.0 


16.8 


17 


Aug. 25 


12 M. 


16.0 


Aug. 28; 4 P. M. 


Sept. 12; 2 P. M. 


19.0 


18.1 


9 


Aug. 24 


12 M. 


16.0 


' Aug. 27; 4 P. M. 


♦ 






11 


Aug. 24 


12 M. 


17.0 


1 Aug. 27; 4 P. M. 


Sept. 12; 7 A. M. 


19.0 


18.8 


7 


Aug. 25 


12 M. 


17.5 


Aug. 28; 4 P. M. 


Sept. 12; 7 A. M. 


19.5 


17.8 




Average 
16.2 mm 


! 




Average 
18.6 mm. 


Average 
17.1 dye. 















*Died September 11, before molting. 
SERIES E. — (Both Chelipeds, and Third and Fourth Pair of Legs Removed). 



13 


Aug. 24 


12 M. 


15.0 


Aug. 27; 4 P. M. 


' Sept. 10; 8 A. M. 


17.5 


16.9 


15 


Aug. 24 


12 M. 


15.5 


Aug. 27; 4 P. M. 


Sept. 12; 2 P. M. 


18.3 


19.1 


18 


Aug. 25 


12 M. 


16.0 


Aug. 28; 4 P. M. 


Sept. 12; 1 P. M. 


19.0 


18.0 


10 


Aug. 24 


12 M. 


16.0 


Aug. 27; 4 P. M.t 


Sept.l2;4P.M.5 


17.7 


19.2 


8 


Aug. 24 


12 M. 


1 17.5 


Aug. 27; 4 P. M.* 


Sept. 11; 2 P. M.t 


20.0 


18.1 


12 


Aug. 24 


12 M. 


17.0 


Aug. 27; 4 P. M. 


Sept. 11; 8 A.M. 


19.0 


17.8 



I Average , 
. . 16.2 mm. 



Average 
18.6 mm. 



Average 
18.2 dys. 



♦First right leg gone at time of mutilation. 
+Fourth right leg gone at time of mutilation. 
tHad not regenerated fourth left leg . 
§Had not regenerated third and fourth right legs. 
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c. Di8cu88ian of ResvUs. 

The results obtained show that the average length of the molting 
period for series D was 17.1 days; while for series E it was 18.2 days; * 
or in other words, with the larger amount of r^eneration in series 
E as compared with series D, there was correlated an increase in . 
the length of the molting period for Series E of nearly 7 per cent. 

The results of this experiment, therefore, seem to indicate that the 
relation between the length of the molting period and the amoimt 
of regeneration as determined by the degree of injury is that the 
greater the amount of regeneration the greater the length of the 
molting period. 

Whether this effect of amoimt of r^eneration as determined by 
the degree of injury is in a direct ratio to the degree of injury, or 
whether it varies according to the time of mutilation, must be 
answered by fourther experimentation. 



The Influence of the Injury of Mutilation upon the Length 
OF the Period Between Molts. 

It is evident that thus far one element involved in the conditions 
of the experiments has been disregarded; namely, the injury caused 
by the process of mutilation. 

The facts considered so far have shown that, when the process of 
regeneration was introduced into the molting period, the act of 
molting was delayed, and the cause for this increased length of the 
molting period was ascribed to regeneration. But it might be 
objected to this conclusion that, instead of the delay in molting 
being caused by the process of regeneration, possibly it may rather 
be due to the injuries attending the act of mutilation. It becomes 
important, therefore, to consider the effect upon the molting period 
of those mutilations which have not been followed by the r^enera- 
tion of the removed limbs. 

87 
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a. Experiments. 

In the course of the preceding experiments quite a large percentage 
of the mutilated specimens had not regenerated the chelipeds by the 
time the molt following the mutilation occurred. Now the degree 
of mutilation in all these lobsters was exactly the same. Therefore 
the molting periods of those specimens which did not regenerate 
the chelipeds ought to furnish valuable data in regard to the effect 
of the injury itself of mutilation. 

6. Tabulation of Data, 

In the preceding description of Tables II, III, and V it was stated 
that, in series Aj, A4, and C4 to Cjg, a distinction had been made 
between those specimens which had, and those which had not, 
regenerated the chelipeds. Accordingly, the right-hand columns 
of these respective tables which show the results for the molting 
periods of these latter specimens contain the data necessary for the 
present purpose. 

c. Discussion of Results, 

An examination of the data for series A^ in Table II shows that, 
out of the 21 lobsters which had been mutilated one day after the 
molt, five individuals had not regenerated the chelipeds before 
molting to the fifth stage. The average length of the molting 
period for these five specimens w^as 12.9 days. On the other hand, 
it may be recalled that the length of the corresponding period for the 
regenerating specimens in the same series was 12.5 days, while the 
normal molting period of the controls in this experiment was 12 days. 
From this it may be seen that there is practically little difference in 
the length of the molting periods for the regenerating and the muti- 
lated non-regenerating lobsters. Accordingly it seems evident that, 
just as in the case of the process of regeneration, so in the case of the 
injury of mutilation, it is equally true that, if the mutilation is made 
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immediately after the molt, neither the injury involved in the opera- 
tion nor the resulting regeneration materially affect the length of the 
molting period. Naturally, therefore, the results for series A^ can 
not furnish an adequate comparison of the effect of the injury of 
mutilation with the effect of regeneration, because the mutilations 
were made too early in the molting period. 

Proceeding next to an examination of the data in Table III, it 
may be seen that only four of the 23 lobsters in series A4 had not 
regenerated the chelipeds by the time of molting. The results^ 
however, for this comparatively small number of mutilated, non- 
regenerating specimens, are very suggestive. For in this experiment 
the average length of the molting period for the regenerating lobsters 
begins to be longer than the corresponding period for the non- 
regenerating specimens, so that, while the average for the former was 
14.3 days, for the latter the average molting period was only 13.4 
days. It may also be noticed that the mutilations in this series of 
lobsters, instead of being made one day after the molting to the 
fourth stage, as in series Aj, were made four days after the molt; 
and this suggests that, if there really is a difference between the 
effects of the injury of mutilation and the effect of mutilation plus 
regeneration, it ought to become more apparent in mutilations 
made still latter in the molting period. 

Accordingly, therefore, in passing to the next series of experiments, 
in which the mutilations were made at various times throughout the 
entire molting period, it might be expected that a difference between 
the molting periods for regenerating and the corresponding periods 
for the mutilated, non-regenerating lobsters would begin to appear; 
and it is surprising to what extent this is demonstrated in the results 
for series C4 to C^g. 

It will be recalled that Table V contains the data for both the 
regenerating and the mutilated non-regenerating lobsters in series C4 
to C13. From these data the average length of the molting periods 
for the regenerating and non-regenerating specimens have been taken 
and arranged as follows: 
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Series. Regeneratinc lobetere. Non-refoneratinc lobsten. 

C4 16.8 days 

C5 16.9 days 16.3 days 

Ce 17.9 days 

C7 18. 1 days 14.3 days 

Cg 18.7 days 14.1 days 

Cq 18.9 days 14.9 days 

Cio 20.8 days 14.0 days 

Cn 21.7 days 14.6 days 

C12 22.9 days 16.5 days 

Ci3 21.6 days 16.0 days 



Average 19.4 days. Average 15.1 days 

A comparison of these two columns shows a remarkable difference 
in the molting periods. In every series the molting periods for the 
non-regenerating lobsters are shorter, and excepting Cg are much 
shorter than the periods for the regenerating specimens, so that the 
averages for the columns representing these two classes, respectively, 
are 15.1 days and 19.4 days. In other words the average length of 
the molting periods for all the non-regenerating lobsters in series 
C4 to C13 were shorter than the corresponding average period for 
the regenerating individuals by as much as 4.3 days, or over 22 per 
cent. 

In order to obtain a better conception of the relation of these 
results to each other and to the normal molting period, the averages 
for series B and series C4 to C13 have been graphically represented in 
Chart IX. The heavy black line crossing the figure slightly below 
the center represents the average normal molting period obtained 
from the 42 control lobsters in series B. 

The figure as a whole has been vertically divided into 10 equal 
sections, and beginning at the left each successive section corre- 
sponds to one of the 10 groups in series C4 to C13. The heavy 
discontinuous line represents the regenerating individuals, while 
the dotted line indicates the non-regenerating individuals in each 
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series; also the length of each line corresponds to the number of 
individuals. It will also be observed that the elevation of the lines 
in each section, with reference to the normal level for series B, 
indicates the extent to which the average molting period has been 
lengthened or shortened in each case. 

Now if the injury due to mutilation is as great a factor as the 
process of regeneration in lengthening the molting. period, it would 
be expected that the general elevation of the dotted lines above the 
normal standard would be approximately equal and be practically 
coincident with the general level of the heavy broken lines. But it 
is readily seen that such is not the case; for the general levels of the 
dotted lines remain comparatively close to the normal standard. 
Consequently, instead of beginning at the left and taking a course 
coincident with the level of the broken lines in each section, the 
dotted lines or non-regenerating levels begin at the left and steadily 
diverge from the broken lines or regenerating levels, and the majority 
of the dotted lines even lie below the normal. In other words, the 
average length of the molting periods for the mutilated non-regenerat- 
ing individuals is not only shorter than the periods for the regenerat- 
ing specimens, but in the majority of cases the non-regenerating 
period is even shorter than the normal molting period. 

Thus this graphical representation most clearly emphasizes the 
general character of the data; and the results of these experiments 
prove that the injury of mutilation alone does not, in general, 
materially lengthen the molting period. Therefore it seems evident 
that th^ injury due to the act of mutiLatUm can not, to any great extent ^ 
account for the increase in the length of the molting period produced by 
the process of regeneration, 

6. 

The Influence of the Molting Process upon the Regenerative. 
Process in Regard to its Response to Mutilation. 

So far in the present study of the relation of regeneration to the 
molting process only one phase of the problem has been considered. 
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i. c. the effect of regeneration upon the length of the moltmg period. 
. But there remains an equally important aspect of the problem, 
namely, the relation in the opposite direction, consisting in the 
influence of molting upon the process of regeneration. 

Some data on the amount and rate of regeneration were taken in 
the course of the preceding experiments, but they are not sufficient 
to justify positive conclusions. It is intended to conduct another 
series of experiments on this subject, and by measuring the lengths 
of the regenerated limbs and the time in which they regenerated, 
under conditions varying in regard to the time of mutilation, degree 
of injury, the amount of food, etc., secure data for a more complete 
investigation of the factors influencing the process of regeneration 
in the lobster. 

As a preliminary, however, to such a further study, some of the 
present data furnish suggestive results bearing on one aspect of the 
subject; namely, the response of the regenerative process to mutila- 
tion, as influenced by the molting process. 

On first thought it would be most natural to expect that, whenever 
a limb is removed from the lobster, the process of regenerating it 
would immediately begin; and it might also be supposed that the 
regenerative process would respond with equal readiness to mutila- 
tions made either early or late in the molting period. But that this 
is not the case is shown by some of the results obtained in the course 
of the preceding experiments. 

In the experiments with C4 to C13, for example, it was attempted 
to introduce the regenerative process at different times in the molting 
period, but it was found very difficult to do so in the latter part of 
the period, because the removed limbs would not always regenerate. 
The extent of this difficulty may be readily seen by an examination 
of the graphical representation of the results for series C4 to C^s, 
as shown in Chart IX. It will be recalled that the heavy dis- 
continuous lines and the dotted lines represent the regenerating and 
the non-regenerating specimens, respectively; and that the lengths 
of these lines are proportionate to the number of lobsters in each 
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series which did or did not regenerate the chelipeds before the next 
molt occurred. A comparison of the relative lengths of these lines in 
each successive section shows that, beginning at the left with series 
C4, in which all the mutilations were followed by regeneration, there 
was a gradual decrease in the number of regenerating individuals and 
a corresponding increase in the number of non-regenerating in- 
dividuals, to such an extent that, in series C13, only two of the nine 
specimens had regenerated the chelipeds. In other words, the 
difficulty encountered in introducing the process of regeneration at 
later stages of the molting period increased to such a degree that over 
77 per cent, of the mutilations made in the later part of the period 
were not followed by the regeneration of the chelipeds. 

Accordingly, therefore, it seems evident that the process of re- 
generation does not respond with equal readiness to mutilations 
made at any time in the molting period; but that it varies according 
to the time of mutilation; so that while in the earlier part of the molt- 
ing period the process of regeneration practically always succeeds a 
mutilation, in the latter part of the period, on the contrary, the 
chances that a mutilation will be followed by the regeneration of the 
limbs may be reduced by as much as 77 per cent. 

7. 

The Effect of Regeneration upon the Rate op Growth of 

THE Lobster. 

It is a well-known fact that the lobster, as well as most crustaceans, 
increases in size and to all appearances grows only at certain periods; 
I. e, the time of molting. But of course this increase in size is not 
due to growth merely at the time of molting. The facts are that 
the animal has been growing more or less continually throughout the 
whole interval between two successive molts; but the hard chitinous 
shell or exoskeleton will not expand sufficiently to accommodate the 
growing organism; therefore the developing tissues and organs must 
increase in mass and compactness till the time of molting, and mean- 
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while a new shell is formed underneath the old one, and when the 
organizm is ready to molt a split occurs in the shell on the dorsal side 
of the body, between the carapace and abdomen; a series of laborious 
movements begin, and gradually the lobster emerges from his old 
shell. The compact tissues and organs, thus liberated from their 
unyielding covering, expand and consequently rapidly increase the 
size of the animal. 

Now, since this increase in the size of the lobster is so clearly 
correlated with molting, it is evident that whatever condition hastens 
or retards the frequency of molting must be regarded as an important 
factor in the growth of the organism. It has been shown in the 
preceding experiments that the process of regeneration, by retarding 
the process of molting, tends to diminish the frequency of molting. 
In view of these facts, therefore, it becomes important to study the 
effect of regeneration upon the rate of growth of the lobster. 

a. Experiments. 

For the purpose of studying the effect of regeneration upon the 
growth of the lobster, comparison was made between the growth of a 
series of normal and regenerating lobsters, through successive molting 
periods. It is evident that, in order to compare adequately two 
series of this nature, it is important that the specimens should all 
be in the same stage and under similar conditions at the beginning 
of the experiment. At the time when these observations on growth 
were begun, however, it was so late in the hatching season that the 
specimens necessary for the present purpose could not be obtained 
from the hatchery. Accordingly, the only adequate material at 
hand were the specimens in series B and series C4 to C13, remaining 
from the preceding experiments. These, it may be recalled, all 
molted to the fourth stage on the same night, July 21. Nineteen 
normal lobsters were available from series B and 36 were obtained 
from series C4 to C13. 

Since, in the preceding experiments, the individuals in series B 
and series C4 to C13 were, respectively, in a normal and regenerating 
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condition, naturally the method in the present experiment consisted 
in continuing to keep the lobsters from series B in a normal condition, 
and continuing to mutilate the individuals from Series C4 to C13, 
after every molt. These normal and regenerating lobsters will be 
designated as Group I and Group II, respectively. 

The mutilations in Group II consisted in the removal of both 
chelipeds, as before. If in any case the mutilation included also 
some of the legs, it was noted in the records. The mutilations were 
all made on about the third or fourth day after each molt, with the 
exception of those made after the molt into th^ fourth stage, which 
were a part of the previous experiment. The limbs were removed 
at this time to insure a regeneration of the appendages before the 
succeeding molt. Although it is evident from the results of preceding 
experiments that later mutilations would have produced a greater 
effect upon the length of the molting periods, still the results from 
even the present mutilations were sufficient to show a distinct effect 
upon the growth of the lobster. 

Each specimen was placed in one of the wire screen cylinders 
previously described, and the two groups of lobsters were kept in as 
nearly the same conditions as possible. Observations were made 
once a day during the month of August and the first part of Septem- 
ber. Records for each specimen consisted of the date of molts, the 
time of mutilation, and the length and condition of the lobster after 
each molt. By the middle of September the lobsters had all molted 
to the seventh stage. After the middle of September it became 
necessary to discontinue the daily records, and only occasional 
observations and measurements were taken. On December 2nd a 
final measurement was recorded for each specimen. 

b. Tabulation of Results. 

Thirteen of the normal lobsters in Group I and 26 of the regenerat- 
ing specimens molted to the seventh stage and, with the exception 
of 4 specimens, lived up to December 2, the date of the last observa- 
tion. The data for these normal and regenerating lobsters are given 
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in Tables VII and VIII, respectively. In order to secure a better 
basis for comparison, the data for the other specimens in the experi- 
ment, which did not continue through to the seventh stage, are not 
included in these tables. Both tables show the date of molts, and 
the length and condition of each lobster after every molt; the time of 
mutilation for the regenerating specimens, and the length of the 
interval between molts, or, in other words, the length of the stage 
period for each individual. The length of each lobster is in milli- 
meters, and represents the length from the rostrum to the tip of the 
telson. 
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Table VIII. 
Group II. — Data on Molting Period of Regenerating Lobsters. 







FouBTH Stage. 




1 


Fifth Stagb. 


1 

55 


1 


■h 


si 

r 


S 


1 

CO 


Date of Muti- 
lation. 


•2 

If 

r 


1 Regenerated. 
Length in mm. 


1^ 


23 


1 

July 21 


905. 
9 A.M.. 


July 26.. 


Aug. 


6.. 


_ 


16 


Aug. 10 (l)JAug. 20.. 


4- 14.6 


15 


29 


July 21 


9 A.M.. 


July 26.. 


Aug. 


5.. 


— 


16 


Aug. 10 (1) 


Aug. 20.. 


4- 14.6 


16 


31 


July 21 


9 A.M.. 


July 26.. 


Aug. 


6.. 


+ 


16 


Aug. ID.... 


Aug. 21.. 


4- 15.0. 16 


36 


July 21 


9 A. M.. 


July 26.. 


Aug. 


7.. 


4- 


17 


Aug. 10.... 


Aug. 22.. 


4 16.0. 16 

1 1 


25 


July 21 


9 A. M. . 


July 28.. 


Aug. 


7.. 


+ 


17 


Aug. 10.... Aug. 22.. 


4- 14.5 


16 


15 


iJuly 21 


9 A. M. . 


July 28.. 


Aug. 


7.. 


+ 


17 


Aug. 10.... Aug. 24.. 


4- 14.6 


17 


12 


July 21 


9 A.M.. 


July 29.. 


Aug. 


7.. 


+ 


17 


Aug. 10.... Aug. 24.. 


4- !15.0 


17 


35 


July 21 


9 A.M.. 


July 25.. 


Aug. 


8.. 


4- (2) 


18 


Aug. 12 (3) Aug. 22.. 


4- 15.6 


14 


20 


July 21 


9 A. M. . 


July 26.. 


Aug. 


8.. 


4- (2) 


18 


Aug. 12 (3) Aug. 22.. 


4- ,16.6 


16 


11 


July 21 


9 A.M.. 


July 29. . 


Aug. 


8.. 


-h 


18 


Aug. 13.... Aug. 24.. 


4- 15.0 


16 


34 


July 21 


9 A.M.. 


July 26.. 


Aug. 


8.. 


+ 


18 


Aug. 13.... Aug. 29.. 


+14.6 21 


14 


July 21 


9 A.M.. 


July 26.. 


Aug. 


8.. 


+ 


18 


Aug. 13 (1) 


Aug. 26..! 4- 14.0 17 


16 


July 21 


9 A. M. . 


July 26.. 


Aug. 


9.. 


+ 


19 


Aug. 13... 


Aug. 24.. 4- 


14.0 16 


13 


July 21 


9 A.M.. 


July 30. . Aug. 


9.. 


+ 


19 


Aug. 13.... 


Aug. 24.. 


4- 


14.0 15 


24 


July 21 


9 A.M.. 


July 29.. 1 Aug. 


9.. 


+ 


19 


Aug. 13.... 


Aug. 27.. 4- 


14.0 18 


32 


July 21 


9 A. M. . 


July 29.. 'Aug. 


9.. 


+ 


19 


Aug. 13... i Aug. 31.. 4- 


14.6 22 


17 


j July 21 


9A. M . 


Aug. L.Uug. 


10.. 


+ 


20 


Aug. 15.... 


Aug. 25.. 


4- 


14. 6| 15 


33 


July 21 


9 A.M.. 


July 27.. 


Aug. 


10.. 


-f (2) 


20 


Aug. 16. . . 


Aug. 28.. 


4- 


16.0 16 


18 


July 21 


9 A. M. . 


July 29.. 


Aug. 


10.. 


+ (2) 


20 


Aug. 15 (4) 


Aug. 26.. 


4- 


14.0 . 15 

1 


7 


July 21 


9 A.M.. 


July 30.. 


Aug. 


10.. 


+ (2) 


20 


Aug. 16 (4) 


Aug. 26.. 


+ 


16. Oj 15 


10 


1 July 21 


9 A.M.. 


July 27. . Aug. 


11.. 


+ (2) 


21 


.\ug. 16 (4)'Aug. 24.. 


4- 


14.0 13 


22 


July 21 


9 A.M.. 


July 31.. Aug. 


10.. 


+ 


20 


Aug. 16.... 


Sept. 2.. 4- 


14.6 23 


26 


July 21 


9 A.M.. 


Aug. 3. lAug. 


13.. 


+ (2) 


23 


Aug. 17 (4) 


Aug. 26..' 4- 


14.6 13 


27 


July 21 


9 A.M.. 


Aug. 2.. Aug. 


13.. 


+ 


23 


Aug. 17.... 


Aug. 28.. 4- 


14.6 16 


28 


July 21 


9 A. M. . 


July 31.. Aug. 


13.. 


4- 


23 


Aug. 17.... 


Aug. 29.. 4- 


16.0 13 


30 


July 21 


9 A.M.. 


July 30.., Aug. 


13.. 




23 


.^ug. 17 (1) 


Aug. 27.. 4- 


14.0 14 


No. of 








Av. 

18.9 
dys. 




1... 


Av. Av. 


Speci- 
mens 
26 




i 




14.6, 16 
mm. dys. 






' 




1 







Removed 2nd pair of legs. 
Regenerated only one cheliped. 
Removed left cheliped. 
Removed cheliped and 2nd pair of legs. 
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Table VIII. 
Group II. — Data on Molting Period of Regenerating Lobsters. — Concluded. 



Sixth Stags. 



I, 

5^ 



1005. 
Aug. 25 

Aug. 25 

Aug. 25 

Aug. 26 

Aug. 26 

Aug. 27 (5). 

Aug. 27 (5). 

Aug. 26 

Aug. 27(6). 

Aug. 27(7). 

Sept. 2(8).. 

Aug. 28(7). 

Aug. 27 (7). 

Aug. 27 (6). 

Aug. 31 

Sept. 6 

Aug. 28(7). 

Aug. 30 

Aug. 28(5). 

Aug. 28(7). 

Aug. 27 (5). 

Sept. 8 

Aug. 30 

Sept. 1 

Sept. 2 

Aug. 31 






Sept. 10. 
Sept. 7. . 
Sept. 7. 
Sept. 7. 
Sept. 8. . 
Sept. 12. 
Sept. 11. 
Sept. 18. 
Sept. 10. 
Sept. 12. 
Sept. 17. 
Sept. 8. . 
Sept. 10. 
Sept. 10. 
Sept. 14. 
Sept. 18. 
Sept. 12. 
Sept. 14. 
Sept. 12. 
Sept. 12. 
Sept. 12. 
Sept. ?.. 
Sept. 14. 
Sept. 15. 
Sept. 17. 
Sept. 14. 



I 



+ 

+ 

+ (2) 

+ 

+ 
4- 
-f 
+ 
4- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ (8) 

+ 

+ 



I 



16.0 
16.0 
18.5 
17.5 
16.0 
15.5 
17.0 
16.0 
17.0 
16.5 
18.0 
15.0 
15.5 
15.0 
15.5 
15.0 
16.0 
17.0 
16.0 
17.0 
16.0 
20.0 
16.0 
16.0 
17.5 
15.3 



•C « 



21 
18 
17 
16 
17 
10 
18 
17 
18 
10 
19 
14 
17 
17 
18 
18 
18 
19 
18 
18 
19 



19 
18 
20 
18 



Seventh Stage. 



"S-2 



'Sept. 
.Sept. 
I Sept. 
I Sept. 
Isept. 
jsept. 
jSept. 
jSept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 



14 

11 

11(9) 

11 

12 

16(5) 
15(5) 
12 (10) 

14 

16(7). 

18 

12 (7).. 
14 (7).. 
14 (5).. 

18 

18 

16 (7).. 

18 

16 (5).. 
16 (7).. 
16 (5).. 



Sept. 18 

iSept. 19. . . . 

Sept. 20 

Sept. 18 



Av. Av. ( 
16.4 18 
mm. days. ' 



17.5 
18.0 
121.5 
'20.3 
'19.0 
I18.3 
J19.O 
18.5 
,18.5 
|19.0 
I2O.O 

:i8.o 

I- 

|17.5 
18.0 
19.0 
'20.0 
19.0 
19.5 
17.7 
23.0 
19.0 
19.5 
21.0 
18.0 



Av. 

19 

mm. 



■s . 

GQ 



Eighth 
Stage. 



.S 



23.0 
25.0 
24.5 
22.5 



21.7 
21.0 



Av. 
22 

tnm 



25.0 
26. 
30.0 
28.0 
28.5 
26.0 
30.0 
26.0 
26.0 
30.5 
28.0 
30.5 
26.0 
29.0 
26.0 
24.0 
29.0 
26.5 
27.0 
29.0 
25.0 
29.0 
27.5 

28.0 

i 
28.0 

26.0 

Av. 
27.4 



<7 

(» 
(10 



Removed both chelipeds and 3rd and 4th pair of legs. 

Removed oheliped and 3rd right leg. 

Removed right cheliped. 

Fourth left lef gone. 

Removed cheliped and 2nd right leg. 



Second right leg lost in molting. 
+ or — , respectively, indicates that the lobster did or did not regenerate the mutilated 
limbe before molting. 
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c. Discussion of Results. 

The results of this experiment furnish three points of comparison: 
(1) the frequency of molting; (2) the increase in size; and (3) the 
the combination of (1) and (2), or the rate of growth. 

(1) The Frequency of MoUing, 

An examination of the data in Tables VII and VIII shows a 
marked difference in the length of the molting periods for each stage 
of normal lobsters in Group I, as compared with the corresponding 
stages of the regenerating specimens in Group II. The average 
length of the molting periods for the fourth, fifth, and sixth stages- 
are as follows: 

Fourth ttace Fifth ttace. Sixth stace. 

Group I, normal period 14.8 days 13 .4 days 16.7. days 

Group II, regenerating period.. 18.9 days 16.0 days 18.0 days 

It is evident from a comparison of these periods that, at each 
stage, the average length of the molting period for the regenerating 
lobsters is much longer than the normal period. Accordingly, while 
the normal lobsters molted from the fourth to the sixth stage in 
43.9 days, on the other hand, the regenerating specimens required 
62.9 days to molt to the same stage. In other words, the process 
of regeneration delayed the frequency of molting to such an extent that 
the length of the normal interval from the beginning of the fourth to the 
beginning of the seventh stage vxis increased by over 20 per cent. 

(2) The Increase in Size. 

It may be seen from the tables that the final measurements on 
December 2nd gave the following results for the average length of 
the lobsters in Group I, normal specimens, 30.3 mm.; Group II, re- 
generating specimens, 27.4 mm. In other words, at the end of the 
experiment on December 2 the normal lobsters were 10.5 per cent, 
larger than the regenerating lobsters. 
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The significance of these results is readily perceived from a com- 
parison of the conditions involved. It will be recalled that, at the 
beginning of the experiment, the lobsters in Group I and Group II 
had molted to the fourth stage on the same day, July 21, and were 
practically equal in size.* 

The specimens in Group I were kept in a normal condition, while 
the specimens in Group II were mutilated after each molt. According- 
ly, the only essential difference in the conditions between these two 
groups of lobsters consisted in the fact that in one group the lobsters 
were regenerating mutilated appendages, while in the other group 
the lobsters were in a normal condition. Therefore it seems evident 
that the introduction of the process of regeneration into Group II 
lias, in the course of 134 days, resulted in a difference of 10.5 per 
cent, between the size of the regenerating and normal lobsters in 
favor of the latter. 

It is evident that a closer comparison of the effect of regeneration 
on the increase in size may be made by comparing corresponding 
stages in the two groups of lobsters; for it may be observed that the 
measurements for December 2 do not all represent the same stages. 
For example, on December 2 lobster No. 49 was still in the eighth 
stage, while most of the other specimens were probably in either 
the ninth or tenth stages. Accordingly, a more exact comparison 
<$an be obtained from the data for the fifth, sixth, and seventh stages, 
in which every specimen was measured after each molt. For these 
stages the Tables VII and VIII show the following averages: 



*(It may be noted that the length for the fourth stage are not given in the tables. When 
the s e specimens were selected in the preceding experiments, they were all so nearly equal in 
siae that it was not thought necessary to measure each individual, and so unfortunately the 
-exact fourth stage length for each specimen was not obtained. Some of the preserved fourth 
stage specimens from Series B and Series C4 to Ci. were however, measured later, and the 
4iverage length was 18.0 mm.) 



Digitized by LjOOQIC 



/ 



304 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 

Fifth stage. Sixth stage. Seventh stage. 

Group I, 

Average length of normal lobsters 15.8 mm. 18.4 mm. 21.5 mm. 

Group II, 

Average length of regenerating 

lobsters 14.6 mm. 16.4 mm. 19.0 mm. 

It may be seen from these results that the normal and regenerating 
specimens, in going from the fifth to the seventh stage, gained in 
length 5.7 mm. and 4.4 mm., or 36.1 per cent, and 30.1 per cent., 
respectively; from the records in the tables it may also be seen that 
the former specimens molted from the fifth to the seventh stage in 
29.1 days, and the latter specimens in 34.0 days. Accordingly, 
within about a month, the normal lobsters had not only molted 
sooner, but had also increased in size 6 per cent, more than the 
regenerating lobsters. 

(3) The Rate of Growth. 

By combining the data for the length of the lobster, the increase 
in size, and the length of the molting period for both normal and 
regenerating lobsters an exact comparison of the effect of regenera- 
tion upon the rate of growth can be made. For this purpose the data 
for the rate of growth has been taken from Tables VII and VIII 
and grouped together in Table IX. 
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Table IX. 
RcUe of Growth for Normal and Regenerating Lohetere, 



Group I. — Nobm al Lobsterb. 



i 

2 



'I 



la 



go 
5.9 

If 

•31 



jS<2 



a.s 



n 



Group II. — Regeneratino Loboters. 



I 

II 
J-3 



It 

^1 



•9^ 



|i 



I.. 



63 
54 

60 
44 
43 
62 
61 
42 
49 
46 
40 
39 
48 



16.6 
16.0 
16.0 
16.0 
16.0 
16.0 
16.6 
16.6 
16.0 
16.0 
16.0 
16.0 



23.0 
23.6 
23.0 
21.0 
20.0 
21.6 
20.0 
19.6 
23.0 
22.6 
20.0 
18.6 
23.6 



6.6 
7.6 
7.0 
6.0 
4.0 
6.6 
4.6 
4.0 
7.0 
6.6 
5.0 
3.6 



39.3 
46.9 
43.7 
31.2 
26.0 
34.3 
29.0 
26.8 
43.7 
40.6 
33.3 
.23.3 



1.12 
1.87 



1.11 
0.78 
1.27 
0.93 
0.92 
1.61 
1.31 
l.il 
0.76 



29 
31 
36 
26 
16 
12 
36 
20 
11 
34 
14 
16 
13 
24 
32 
17 
33 
18 
7 

10 
22 
26 
28 
27 



14.6 
14.6 
16.0 
16.0 
14.6 
14.6 
16.0 
16.6 
16.6 
16.0 
14.6 
14.0 
14.0 
14.0 
14.0 
14.6 
14.6 
16.0 
14.0 
16.0 
14.0 
14.6 
14.6 
16.0 
14.5 
14.0 



17.6 
18.0 
20.3 
20.6 
19.0 
18.3 
19.0 
18.6 
18.6 
19.0 
20.0 
17.6 
18.0 
17.6 
17.6 
18.0 
19.0 
20.0 
19.0 
19.6 

17.7 

• 

23.0 
19.0 
21.0 
19.6 
18.0 



3.6 
3.6 
6.6 
6.6 
4.6 
3.8 
4.0 
3.0 
3.0 
4.0 
5.6 
3.6 
4.0 
3.6 
3.6 
3.6 
4.6 
6.0 
6.0 
4.6 
3.7 
8.6 
4.6 
6.0 
6.0 
4.0 



24.1 
24.1 
36.6 
36.6 
31.0 
26.2 
26.6 
19.3 
19.3 
26.6 
37.9 
26.0 
28.6 
26.0 
26.0 
24.1 
31.0 
33.3 
36.7 
30.0 
26.3 
58.6 
31.0 
40.0 
34.4 
28.6 



0.67 
0.73 
1.14 
1.18 
0.97 
0.73 
0.76 
0.62 
0.59 
0.76 
0.95 
0.81 
0.89 
0.78 
0.69 
0.60 
0.94 
0.95 
1.08 
0.91 
0.82 



0.97 
1.21 
1.04 
0.89 



Av. 
13 



Av. 
29.4 

dys. 



Av. 
16.8 
mm. 



Av. 

21.5 
mm. 



Av. 
5.5 
mm . 



Av. 
34.7 



Av. 
1.16 



Av. 
26 



Av. 
33.6 

djrs. 



Av. 
14.6 
mm. 



Av. 
19.0 
mm. 



Av. 

4.4 
mm. 



Av. 
30.2 



Av. 
0.87 



*The q)ecific rate of growth equals the increase in length per cent, divided by the number 
•f days, that is the per cent, of increase per day. 
30 
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Table IX contains the data for the rate of growth from the fifth to 
the seventh stage. The column "days" gives the interval 'between 
the fifth to the seventh molt. The data for the lengths of the lobsters 
for the fifth and seventh stages in Group I and Group II were 
taken directly from Tables VII and VIII, respectively. The column 
"increase in length" states the difference between the lengths at the 
fifth and seventh stages. Dividing the increase in length by the 
length of the seventh stage specimen gives the amount of increase 
per unit length of the normal; i. e., the " increase in length, per cent." 
The quotient obtained by dividing the increase in length per cent, 
by the number of days in which that increase took place equals the 
amount of growth for a unit of size in a unit of time; this may be 
termed the "Specific Rate of Growth," 

A comparison of the results for Group I and Group II in Table IX 
shows a marked difference between the rate of growth for the normal 
and for the regenerating lobsters; while the average rate of growth 
for the normal specimens was 1.15, it was only 0.87 for the regenerat- 
ing specimens; a difference of over 24 per cent. 

Therefore, since the only difference in the conditions for these two 
groups of lobsters consisted in the fact that the process of regenera- 
tion was introduced into one group of specimens and not into the other, 
the results of these experiments seem to show conclusively that the 
process of regeneration retards the growth ot the lobster, so that the 
introduction of the process even early in the molting period may reduce 
the rate of growth more than 24 per cent, 

III. 

General Discussion of Results. 

It would be premature to attempt to formulate a general theory 
for the interaction or regulation existing between the processes of 
regeneration and molting, for the present evidence deals only with 
one aspect of the relations. It is evident that a more adequate 
amount of evidence should include such data as the amount and rate 
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of regeneration under conditions differing in regard to the degree 
of injury, molting, etc. But at this stage of the investigation it 
may be of value briefly to discuss the general nature and significance 
of the results derived from the present experiments, as a preliminary 
to further study. 

1. The object of the present series of experiments was to as- 
certain whether there was any regulation or interaction existing 
between the processes of regeneration and molting. The results have 
demonstrated that there is an interaction of such a nature between 
these two processes that the introduction of the one, regeneration, 
into the organism will disturb the normal activity of the other, 
the molting process. Further, it may be seen, also, that the funda- 
mental fact underlying the present results is, that the rate of the 
cellular activities involved in the molting process is retarded by the 
cellular activities concerned in the process of regeneration. 

2. The character of the relations between regeneration and the 
moltiag process, as studied so far, suggests an explanation of the 
interaction on the basis of a variation in the distribution of available 
energy. 

If we analyze the cellular activities involved in the two processes 
of regeneration and molting it is evident that, although the process 
of regeneration differs in one respect from that of molting, inasmuch 
as regeneration involves the origin, development, and differentiation 
of new tissues, while the molting process consists only in a develop- 
ment and increase in the amount of tissue and the secretion of a new 
shell, yet both regenerative and molting process alike involve the 
multiplication and development of new cells from old cells already 
present in the organism. Now it is a fundamental fact in physiology 
that one of the essential conditions determining the rate of cell 
multiplication and development is the amount of energy of the food 
material assimilated by these cells. Therefore, since the process of 
regeneration has reduced the rate of molting, it would seem most 
natural to explain this result by the assumption that the regenerating 
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cells have lUilized a part of the energy of food material normally available 
for the cells concerned in the process of molting. 

This assumption seems to be strongly supported by the compari- 
son of the effects of those mutilations in the preceding experiments, 
which were followed by the regeneration of the chelipeds, with the 
effect of mutilations which were not succeeded by this regeneration. 
In both cases the initial disturbance of the organism, due to mutila- 
tion, was exactly the same. Now if the assumption that the regen- 
erating limbs utilize a portion of the energy normally available for 
the process of molting is correct, then there would be more energy 
diverted from the molting process in the regenerating specimens than 
in the mutilated, non-regenerating ones, and the rate of molting for 
the non-regenerating specimens would be greater than the rate for 
the regenerating specimens. The results of the experiments demon- 
strated that this was actually the case. 

Again, it is evident that this assumption that the regenerative 
cells divert and utilize some of the energy normally available for 
molting is in accord with those results in the experiments which 
show that the greater the amount of regeneration, as determined by 
the degree of injury, the slower the rate of molting; and that the 
later the process of regeneration is introduced after the molt, the 
greater the length of the whole molting period. 

3. An important phase of the problem of regeneration is to 
determine in what respects this phenomenon is similar to the process 
of growth. The fact that in these experiments the process of re- 
generation retarded the process of molting and decreased the rate of 
growth seems to support the theory that " tJie phenomenon of regener- 
ation belongs to the general category of growth phenomena.'^* For if 
the assumption is correct that the regenerating cells have, either 
directly or indirectly, utilized the energy which otherwise would 
have been distributed to the cells involved in the molting process, 
then it is evident that we have here energy available either for the 

* (Morgan T. H. RegeDeratlon, 1901 page 292.) 
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process of regeneration or for the process of growth involved in the 
molting activities. 

4. The fact that the regenerative process does not respond with 
equal readiness to mutilations made at different times in the molting 
periods appears especially significant, for two reasons: 

(a) It suggests the existence of an important internal factor 
influencing the process of regeneration. For, whether a regeneration 
of the limbs shall succeed a mutilation or not is apparently largely 
determined by the condition of the molting activities; so that, when 
the molting process is approaching the climax of the molting period, 
an inhibiting influence is exerted upon the regenerative process. 

While the present data may not throw much light upon the nature 
of this inhibiting influence, it is interesting to note the modification 
which they seem to necessitate in the theory of the distribution of 
energy to the regenerating cells. Since the energy for regeneration 
does not seem to be equally available at later stages of the molting 
period, it appears that there is a tendency toward an increasing stability 
or permanence in the channels of energy distribiUion, so that as the 
molting process approaches its culmination it becomes more and more 
difficult to divert energy into the ceUvlar process of regeneration. 

It is evident, however, that a different conclusion is also possible. 
For the regenerating cells may fail to respond readily to mutilations ' 
made late in the molting period, not because the energy of food 
material is unavailable for assimilation, but rather, because the power 
of assimilation in the cells themselves has been modified. This latter 
conclusion brings us to the recognition of an alternative hypothesis 
for the relation between regeneration and the process of molting, 
namely, that the interaction between the two processes may consist, 
J^i a direct variation in the power of assimilation in the cells concerned, 
as well as a variation in the material available for assimilation. 

(b) The fact that the process of regeneration does not respond 
• with equal readiness to mutilations made at later stages in the molt- 
ing period raises the question as to whether there is a tendency in 
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the regenerative process to regenerate a functional limb before a 
molt occurs. Perhaps it may be of interest to digress for a moment 
to a discussion of this question. 

It would seem most natural to suppose that the process of re- 
generation would begin the reconstruction of a limb at any time in 
the molting period, even though it may not be possible for the 
reconstruction process to go far enough to develop a functional 
appendage before the next molt takes place. Now, if this supposi- 
tion is true, it ought to be a common occurrence to find that injured 
or mutilated lobsters show, after molting, regenerating limbs in all 
stages of development, ranging from minute papillae to large-sized 
but non-functional buds. But this does not seem to be the case. 
Indeed it is remarkable how uncommon it is to find a recently 
molted lobster with its regenerating appendages in any other condi- 
tion than normally functional or entirely xmdeveloped. 

During the experiments of the present season every opportunity 
was taken to observe the condition of regenerating limbs of molting 
lobsters. The result was that, out of a comparatively large number 
of mutilated and molting lobsters, only a few cases were found which 
showed any partially developed regenerating limbs after a molt. 

One of the instances of such a case is illustrated in Plate XLI, Figs. 
I and II. These two figures show the stumps or basipodite of the 
third left leg of an 8-inch lobster before molting (Fig. I) and after 
the molt (Fig. II). Just before molting this stump showed a small 
regenerating papilla (Fig. I, Reg.); after the molt the regenerated 
structure could be seen as a small elevation on the molted stump 
(Fig. II, Reg.). 

The data for the specimen on which this regenerating papilla was 
found, is as follows: Length of lobster before molting, eight inches; 
sex, male; July 18th both chelipeds and the second and third pair 
of walking legs were removed by autotomy. The following records 
were made on the condition and amount of regeneration which 
occurred after the mutilations were made: 
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Chelipeds. Second Pair of Legs, Third Pair of Legs. 

1905. Right, Left, Right, Left.' Right Left, 

Aug. 18 6 mm. 6 mm. papilla papilla papilla papilla 

Aug. 29 13 mm. 13 mm. 7 mm. 2 mm. papilla papilla 

Sept. 9 19 mm. 19 mm. 13 mm. 8 mm. 5^ mm. papilla 
Condition 

after molt Both , Both Non- 

Oct. 5, functional functional Functional fimctional 

It may be seen from these data that the six limbs were all removed 
49 days before the next molt, and that five of these appendages 
regenerated and molted as functional limbs, while on the other hand 
the slight regenerative activities in the third left leg merely produced 
a structure which molted as the very small non-functional papilla 
shown in Fig. II. 

This case, therefore, shows that it may be possible for the regenera- 
tive process to start up without resulting in the reproduction of a 
functional limb by the time of molting, even when the mutilation is 
made early in the molting period. But since it is extremely rare to 
find such a partially developed non-fimctional limb after a molt, 
it is evident that a partial regeneration of this character must be 
regarded as exceptional rather than typical. This, together with the 
fact that the process of regenerating does not respond readily to 
mutilation in the latter part of the molting period, seems to support 
the conclusion that there is a tendency in the regenerative process to 
begin only when the conditions are sixh as to favor the development of 
a functional structure before the act of moUing takes place, 

5. While the present experiments were being made, Zeleny,*, 
published the results of some experiments on regeneration in adult 
crayfishes. The experiments consisted in the comparison of the 
rate of regeneration and the rate of molting in two series of regenerat- 
ing crayfishes, in which the degree of injury in one series was greater 
than in the other. 

The results in the crayfish, with reference to the rate of molting, 

^(Journal of Experimental Zodlogy, II, 1906.) 
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were that the mdividuals with the greater amount of regeneration, 
as determined by the degree of injury, molted sooner than the 
individuals with the lesser amoimt of regeneration. In other words, 
an increase in the rate of molting seemed to be correlated with an 
increase in the amount of regeneration due to an increase in the 
degree of injury. In view of this fact it becomes evident that the 
results from the present experiments on young lobsters acquire an 
additional interest because they seem to contradict this. For the 
results in series D and series E show that there was not only no 
increase, biU rather a decrease, in the rate of moUing as correlated with 
the greater or lesser degree of injury and regeneration. 

This interesting difference in the resiilts for these two crustaceans 
shows the importance of further study of the factors involved in the 
interactions existing between the process of regeneration, the degree 
of injury, and the process of molting. 

IV. 

Summary of Results. 

. The results from the present series of experiments seem to demon- 
strate clearly the following points: 

1. That the effect of the process of regeneration is to retard the 
process of molting, and increase the length of the period between 
two successive molts. 

2. That this effect varies in degree, however, directly as the 
time at which the process of regeneration is introduced into the 
molting period; so that the later the regenerative process is intro- 
duced into the molting period, the greater is the length of that 
period. 

3. And again, that this effect also seems to vary more or less 
directly with the amount of regeneration as determined by the degree 
of injury, so that the greater the amount of regeneration the greater 
the length of the molting period. 

4. That these results are due to the process of regeneration and 
not the effect of the injury caused by mutilation, is shown by the 
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fact that the average length of the molting period for those lobsters 
in which the mutilations were not succeeded by the regeneration of 
the limbs, was not only less than the length of the molting period for 
the regenerating specimens, but also in a large proportion of cases 
was even shorter than the molting period for the normal lobsters. 

5. The response of the regenerative process to mutilation varies 
according to the time of injury; so that while a mutilation made 
early in the molting period is almost invariably immediately suc- 
ceeded by a regeneration, a mutilation made late in the period is 
rarely followed by the regeneration of the limb before the next 
molt takes place. 

6. And finally, the resiilts show that the process of regeneration, 
by retarding both the frequency of molting and the increase in size, 
retards the rate of growth in the lobster. 



40 
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Fig. I. 



Fig. II. 




Plate XLI. 

Fig. I. shows a regenerating papilla on the basal joint or 
basipodite of the third left leg of an 8-inch lobster just 
before molting. 

Fig. II. shows the same papilla just after molting. 
Reg. Regenerating papilla. 

1. The broken end of the stump remaining after the 

leg had been removed by autotomy. 

2. Basipodite. 

(Drawings 2 x natural size.) 
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FISHERIES LAWS OF RHODE ISLAND, 1905. 

[Compiled by the Commlsilonera of Inland Fisheries.] 



GBNERAIi liAWB. 



CHAPTER 1. 

The jurisdiction of the Commissioners of Inland Fisheries covers the territorial 
limits of the State as giv^i in the following two sections of chapter one, and 
covers all the fisheries of the State except the oyster and fsoallop fisheries, which 
are under the jurisdiction of the shell fish commissioners. 

SBcnoN 1. The territorial limits of this state extoid one marine league 
from its seashore at high water mark. When an inlet or arm of the sea does not 
exceed two marine leagues in width between its headlands, a straight line from 
one headland to the other is equivalent to the shore-line. The boundaries of 
counties bordering on the sea extend to the line of the state as above defined. 

Sec. 2. The jurisdiction of the state shall extend to, and embrace, all places 
within the boundaries thereof, except as to those places that have been ceded to 
the United States, or have been purchased by the United States with the consent 
of the state. 



CHAPTER 171. 
Of Certain Fisheries. 



Section 1. Every person who shall set or draw any seine in any part of the 
river running from Warren river through the town of Harrington, except that 
part lying north of the Congregational church building in the said town of Bar- 
rington, shall forfeit twenty dollars. 

Sec. 2. Every person who shall set or draw any seine or net in Easton's 
pond in Newport and Middletown for the purpose of catching fish, or shall set 
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any such net or seine in the creeks or inlets of said pond above the bridge at 
Easton's beach, shall be fined twenty dollars or be imprisoned ten days. 

Sec. 3. Every person who shall set or draw any seine or net in Kickamuit 
river within half a mile from the place called the narrows shall forfeit fifteen 
dollars. 

Sec. 4. Every person who shall erect or make any weir, pot, or other contri- 
vance to obstruct the course of fish across Puncatest, alias Nomquit, pond, or 
any part thereof, or in any river or stream leading into or out of said pond at 
any time, shall forfeit ten dollars. 

Sec. 5. Every person who shall set any hanging or mesh net in Puncatest 
alias Nomquit, pond, or in any river leading into or out of said pond, between 
the first day of January and the first day of August, shall forfdt ten dollars. 

Sec. 6. Every person who shall erect or continue in Palmer's river, above 
Kelly's bridge, any weir, dam, or other obstruction to prevent the free passage 
of fish up said river, shall forfeit fifteen dollars for the first offence and ten dollars 
for every twenty-four hours any such weir or dam or other obstruction shall be 
continued after the first twenty-four hours. 

Sec. 7. Every person not at the time an inhabitant of this state who shall 
set or draw any seine or net in Palmer's river, above Kelly's bridge, on Thursday, 
Friday, or Saturday, and every person who shall set or draw any sdne or net in 
said river above said bridge on Sunday, or between the setting and rising of the 
sun, shall forfeit for each offence fifteen dollars. 

Sec. 8. Repealed. 

SEa 9. Repealed. 

Sec. 10. Repealed. 

Sec. 11. No person shall take any fish with any kind of gill or mesh net, 
or set any gill or mesh net for the purpose of taking any fish therewith, within 
one mile from the shore of Block Island, between the first day of June and the 
first day of November in each year, without first obtaining permission of the 
town council of New Shoreham; and every person violating any provision of 
this section shall be fined twenty dollars for each offence; one-half to the use of 
the complainant and the other half to the use of the town of New Shoreham. 

Sec. 12. Any person who shall take any fish with any kind of seine, net, or 
trap, or set or draw any seine, net, or trap, for the purpose of taking any fish there- 
with, in any of the fresh water ponds in the town of New Shoreham, except in 
private ponds owned by one person, shall be fined not exceeding twenty dollars 
or be imprisoned not exceeding ten days, or be both fined and imprisoned in 
the discretion of the court. 

Sec. 13. The electors of the town of New Shoreham may, in town meeting 
called for that purpose, enact such ordinances as they may think proper to pro- 
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tect and to regiilate the taking of shell-fish and other fish in Great Salt pond, and 
•may impose penalties therefor not exceeding twenty dollars fine and three months' 
iimprisonment for any one offence. 

Sec. 14. The electors of the town of Tiverton may, in town meeting called 
for that purpose, make such regulations for the preservation of the fish, and may 
•exercise such control over the fisheries of Nomquit pond, within the limits of 
-said town, as they may think proper. 

Sec. 15. No peraoa shall, between the first Monday in October and the first 
Monday in January, erect any weir or draw any seine or net for the purpose of 
•catching or obstructing the passage of fish at or within one hundred and sixty 
rods of the mouth of Pataquamscut river in South Kingstown, nor shall any per- 
•son erect or put down any weir, standing seine, or trap-seine, or hoop-net of 
any kind, either within or across said river at any other season of the year. 

Sec. 16. Nothing in the preceding section shall be so construed as to pro- 
hibit any person from using nets or fishing crafts for the catching of smelts, 
49uch as are commonly used in the smelt fishery, between the first day of Feb- 
ruary and the first day of April, or to prohibit the setting of gill nets for bass in 
said river or pond: Provided, that such nets shall not exceed twenty fathoms in 
ilength, nor be set within twenty fathoms of each other, nor south of the dividing 
.line between lands now or formerly of William G. Watson and George W. Crandall, 
nor within twenty rods of the narrows that connect the upper and lower ponds; 
nor shall any person maintain any such standing seine or net in the same place 
for more than twenty-four hours if any other person demands the same place 
-for the purpose of setting a like net or drawing a seine therein. 

Sec. 17. Every person who shall violate any of the provisions of the preced- 
ing two sections shall be fined not less than twenty dollars nor more than fifty 
-dollars for each offence, and shall forfeit the seine, net, boat, and other apparatus 
by him used in such violation. 

Sec. 18. Every person who shall set any trap or net or draw any seine at 
any time west of a line drawn from Calf-pasture Point on the north side of Allen's 
harbor to Rocky Point on the south side thereof, or west of a line drawn from 
Pojack Point on the south side of Potowomut river to Marsh Point on the north 
side thereof, shall be fined not less than five dollars nor more than twenty doUars; 
one-half thereof to the use of the complainant and one-half thereof to the use 
of the state. 

Sec. 19. No person shall between the fifteenth day of April and the fifteenth 
day of June, inclusive of both days, or between the fifteenth day of August and 
the fifteenth day of December, inclusive of both days, commencing at the rising 
of the sun on both days, erect any weir or set or draw any seine or net for obstruct- 
ing, catching, or hauling of fish within half a mile, east from Point Judith ponds 
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breach, meaning the breach for the time being into the sea, or within a point 
on the west side of said breach four rods distant from Joseph Champlin's fish- 
house, so called, or within said breach, or within any channel leading to said 
ponds, or any branch thereof from the sea, or within a quarter of a mile of the 
entrance of such channel into said ponds or branches of said ponds; and when- 
ever the fifteenth day of December happens on Sunday this prohibition shalL 
continue to the rising of the sun on the next succeeding day. 

Sec. 20. No weir shall be erected, nor any standing sdne or net set, in any 
part of Charlestown pond, Quonochontaug pond, or Babcock's pond, other- 
wise know as Brightman's pond, nor across the channel, or in Point Judith's 
ponds within a quarter of a mile from the following places, namely: Alder Point 
near where Saukatucket river flows into said ponds; Princes narrows, which 
connects the upper with the lower ponds; Strawberry hill on Great Island;. 
High Point, so-called, on lands of the heirs of Joseph JSherman, and Goos^>erry 
Hole. 

Sec. 21. No person shall, between sunset on the first Monday in April and 
sunrise on the second Monday in June, erect any weir or net or draw any seine 
or net for the purpose of catching or obstructing the passage of fish in any part 
of Point Judith pond south of a line drawn from the most northerly point of 
Strawberry hill on Great Island to the most northerly point of ffigh Point in 
said pond. 

Sec. 22. No person shall erect any weir or set or draw any sdne or net for 
the obstructing, catching, or hauling of fish within any part of said ponds or any 
branch thereof, at any time between sunset on the fifteenth day of August and 
simrise on the fifteenth day of December. 

Sec. 23. No seine or net of any sort shall be used at any time within said 
ponds or any branch thereof, of over on^ hundred fathoms in length, nor any 
standing seine or net of over twenty-five fathoms in length. 

Sec. 24. No person shall set any standing seine or net, at any time, within 
forty rods of any place within said ponds or any branch thereof where another 
person may have already set his standing seine or net, nor shall any person 
maintain any such standing seine or net in the same place for more than forty- 
eight hours if any other person desires to occupy the place. 

Sec. 25. Every person violating any provision of the preceding six sections 
shall be fined not less than twenty dollars nor more than fifty dollars, and shall 
also forfeit the boat, seine, net, and other apparatus by him used in such viola- 
tion, one-half of said fine and forfeiture to the use of the person complaining and 
one-half thereof to the use of the state. 

Sec. 26. Every person living without the state who shall take any lobsters, 
tautog, bass, or other fish within the harbors, rivers, or waters of this state, for- 
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-the purpose of canying them thence in vessels or smacks, shall be fined ten dol- 
lars for every offence, and shall forfeit all the fish or lobsters so taken. 

Sec. 27. Every person who shall take any fish in any stream or fresh pond, 
except upon his own land, otherwise than by a single hook and line, or who shaU 
take or carry away any fish from any private pond, brook, stream, preserve, or 
any other place made, constructed, or used for the purpose of breeding or grow- 
ing fish therein, without the consent of the proprietor or lessee of such pond, 
brook, stream, or preserve, shall be fined not exceeding twenty dollars or be im- 
prisoned not exceeding thirty days, or be both fined and imprisoned; but noth- 
ing herein contained shall be so construed as to authorize the taking of any fish 
irom any pond or stream stocked with fish at the expense of the state. 

Sec. 28. Every person who shall take any trout between the fifteenth day 
•of July and the first day of April shall be fined twenty dollars for each offence, 
and every person who shall take or have in his or her possession any trout less 
than six inches in length at any time of the year shall be fined twentyi dollars for 
-each trout foimd in his or her possession, but nothing herein contained shall be so 
construed as to prohibit the taking and sale of trout artificially cultivated in pri- 
vate ponds at any season of the year: Provided, that all persons raising brook- 
trout artificially in private ponds shall use the initials of their names as a brand, 
which brand shall be put on every box of trout shipped or put on the market 
(by than between the fifteenth of July and the first day of April in each year. 
All persons raising and disposing of trout as aforesaid shall cause their brand 
required herein to be registered by the secretary of state. 

Sec. 29. All actions for violations of the provisions of the preceding two 
rseetions shall be commenced within thirty days after the commission of the of- 
fence. 

Sec. 30. Every person who shall, by any seine or stop-net, or otherwise, 
obstruct the channel leading from the sea into Ward's pond, and up through 
^d pond on each mde of Watermelon, Gooseberry, or Larkin's islands, shall be 
fined not less than five dollars nor more than twenty dollars. 

Sec. 31. Every person who shall erect any dam, weir, or other obstruction 
iM^ross Mill cove in Warwick, or from the mouth of said cove to the pond of fresh 
water that runs into said cove, or such streams as run into said pond, or who 
^hall keep up any dam, or weir, or other obstruction therein made, and every 
owner or occupant of lands adjoining sud MiU cove or the stream leading from 
said pond into said cove who shall permit any such obstruction to be erected 
on continued in or upon said cove or stream adjacent to his land, at any time 
between the first day of March and the first day of November, shall forfeit 
one hundred dollars for each offence. 

Sec. 32. Every person who on Saturday or Sunday shall fish in said cove 
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except with a hook and line, or who shall catch or hinder any alewives coming- 
down said Mill cove or said stream, or shall therdn at any time set any weir 
or device to prevent the passage of the fish, shall forfeit ten ddlars for each 
offence: Provided, that nothing herein contained shall be so construed as to- 
authorize fishing on Sunday. 

Ssc. 33. Every person who shall set or draw any seine or net in said Mill 
cove, or off from the mouth thereof to Long Meadow rocks, or from the mouth 
thereof to the pond of fresh water which empties into said cove, between the first 
day of March and the fifteenth day of June, or who shall take any alewivea 
from said pond, or streams flowing into said pond, between the first day of 
March and the first day of November in any year, shall for each offence forfdt 
one himdred dollars and the boats, seines, and other apparatus used in the 
commission thereof: Provided, however, that nothing in this chapter shall be so 
construed as to prohibit any person from fishing for alewives in said cove, or 
stream runsing from said pond into said cove, with a bowed net not larger than 
twelve feet around the mouth of said net, on days other than those excepted 
in section ^rty-two of this chapter. 

Sec. 34. There shall be, between the first day of Bfay and Uie first day of 
August, a weekly close-time extending from Saturday morning at sunrise to Mon- 
day morning at sunrise, during which time no fish of any description shall be 
taken by weirs, traps, or similar contrivances, from any of the waters of the 
coast-line of the state and Narragansett bay. If there be any weir, tnp, or 
other stationary contrivances used for the purpose of catching or obstructing 
the passage of fish in that part thereof where the fish are usually taken, the net- 
ting at the mouth of the same shaU be floated to the surface of the water so as 
to effectually close the mouth thereof during the weekly close-time, so that dur- 
ing said time the fish may have a free, imobstructed passage, and no device 
shall be placed in any part of said limits which shall tend to hinder such fish 
from running up the waters of such rivers. In case the indosure where the fish 
are taken is furnished with a board floor, an opening three feet wide shall be made 
extending from the floor to the top of Uie weir, trap, or other contrivances: 
Provided, however, that nothing herein shall be so construed as to apply to the 
shad and herring fisheries in the tributaries of Narragansett bay. 

Sec. 35. The Commissioners of Inland Fisheries shall have a general super- 
vision of all matters relating to the subjects contained in sections eight, ten, 
twenty-six, twenty-seven, and thirty-four of this chapter, and may make all 
needful regulations to carry out the provisions of said sections, and shall from 
time to time examine all the weirs, traps, or other contrivances, with a view of 
carrying out such regulations as are most beneficial to the people of the state, 
and shall prosecute for the violation of such regulations or for the infringement 
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of the provisions of any of said sections. They may co-operate with the fish 
commissioners of other states, and shall make an annual report to the general 
assembly of their doings, with such facts and suggestions in relation to the 
object for which they are appointed as they may deem proper. Said commis- 
sioners shall be allowed their actual disbiuisements made in the execution of 
this chapter. 

Sec. 36. Every person who shall violate any of the regulations made by said 
commissioners imder the authority of the provisions of the preceding section of 
thb chapter, or who, during Uie dose-time mentioned in section thirty-four, 
shall set any weir, trap, or contrivances contrary to such provisions, shall be 
fined not exceeding one himdred dollars or be imprisoned not exceeding three 
months, or both, in the discretion of the court before which the oflfender shall 
be tried. 

Sec. 37. All forfeitures imder this chapter shall, where there is no other 
provision made to the contrary, enure one-half thereof to the use of the town 
where the offence shall be committed and one-half thereof to the use of the per- 
son suing for the same. 



CHAPTER 172. 

Of the Fishery of Patocatuck River. 

Section 1. No weir or pound or other obstructions shall be erected or con- 
tinued in the channel of Pawcatuck river, dividing the states of Rhode Island and 
Connecticut, so as to interfere with the main channel of sfdd river, upon penalty 
of twenty dollars for the first offence, and seven dollars for every twenty hours 
or any less space of time any such weir or other obstruction shall be continued 
m Uie main channel of said river after the first offence. 

Sec. 2. No weir or pound shall be erected or continued upon any flat or other 
part of the bottom of said river, eastward or westward of the aforesaid channel 
of said river, between the first day of Jime and the twentieth of March, annually, 
upon penalty of fourteen dollars for the first offence and seven dollars for every 
succeeding day such weir or pound shall be continued in said river, from the 
first day of June to the twentieth day of March, annually. 

Sec. 3. No person shall fish with mesh or scoop nets in Pawcatuck river, or 
any of its branches, after sunset on Friday imtil sunrise on Monday in each week, 
from the twentieth day of March to the first day of June, annually, and no per- 
son shall use more than one net at a time upon penalty of five dollars for every 
offence. 

Sec. 4. All penalties incurred for violation of any of the provisions of this 

43 
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chi^ter shall enure one-half thereof to the use of the complainant and one-half 
thereof to the use of the town where the offence is conunitted. 

Sec. 5. The foregoing provisions of this chapter shall be considered as form- 
ing a compact with the state of Connecticut, from which the general assembly 
will not depart until the legislature of the state of Connecticut shall agree with 
the general assembly of this state to a repeal thereof, alterations therein, or 
additions thereto. 

Sec. 6. If any owner of land adjoining Pawcatuck river in this state shall 
permit any weir, pound, or other obstruction to be erected or continued upon 
any flat or bottom of siud river, whether done, erected, or continued by him- 
self, servant, lessee, or any other person, by his privity or consent, such owner 
shall be liable for any such breach or violation of section two of this chi4>ter 
in the same manner as though the same had been committed by such owner in 
person. 



CHAPTER 174. 
0/ the Inland Fisheries, 

Section 1. The governor shall appoint seven commissioners of inland fish- 
eries, who shall hold their offices for three years and until their successors are 
appointed. 

Sec. 2. The Commissioners of Inland Fisheries shall introduce, protect, and 
cultivate fish in the inland waters jof the state, and may make all needful regu- 
lations for the protection of such fish, and shall prosecute for the violation of 
such regulations and of the laws of the state concerning inland fisheries. (They 
may, in their discretion, from time to time make experiments in planting 
cultivating, propagating, and developing any and all kinds of shell fish; and for 
the purpose of so doing may from time to time take, hold, and occupy, to the ex- 
clusion of all others, in one or more parcels, any portions of the shores of die 
public waters of the state, or land within the state covered by tide-water at 
either high or low tide not within any harbor line, and which is not at the time 
of such taking under lease as a private and several oyster fishery: Provided, 
that the land so held and occupied at any cme time shall not exceed three acres. 
Said commissioners upon taking such land shall forthwith give public notice 
thereof by advertisement in some newspaper in the county in which said land 
is situated, which advertisement shall contain a description of said land; they 
shall also forthwith notify the commissioners of shell fisheries of such taking 
and shall transmit to them a description of said land, and shall also take out 
or otherwise mark the bounds of said land. Said commissioners may make all 
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needful regulations for the protection of the land so taken, and of all animal 
life and other property within the lines thereof, and shall prosecute the violations 
thereof.) They may co-operate with the fish commissioners of other states, 
and they shall make an annual report to the general assembly of their doings, 
with such facts and suggestions in relation to the object for which they were 
appointed as they may deem proper. Said commissioners, whenever complaint 
is made by them, or either of them, for a violation of any regulation made by 
them as aforesaid, or for violation of any of the provisions of this chapter or of 
chapters 171, 172, and 173, shall be not required to enter into recognizance on 
such complaint or become liable for costs thereon. 

Sec. 3. The said commissioners shall cause a copy of any regulation made 
under the authority of the preceding section to be filed in the office of the town 
clerk of any town in which any waters stocked with fish, or land occupied for 
experiments under the authority of the preceding section and to which such 
relations may apply, may be, and shall also cause a copy of such regulations 
to be advertised in some newspaper published in the same county. 

Sec. 4. Eveiy person who shall violate any of the regulations made by the 
commissioners of inland fisheries under the authority of the provisions of the pre- 
ceding three sections, or who shall take any fish, fish-spawn, or any apparatus 
used in hatching or protecting fish, from any pond, lake, river, or stream stocked 
with or set apart by said icommissioners, or "by private parties, for the protec- 
tion and cultivation of fish with the consent of the town* council of the town 
where such cultivation is carried on, without the consent of such commissioners, 
or, if the cultivation of fish be carried on by a private party, without the con- 
sent of the person cultivating the same, or who shall trespass within the boun- 
daries of any land which may be taken and occupied by said commissioners for 
their experiments in relation to shell-fish, authorized by section two of this 
duster, shall be fined not exceeding three himdred dollars or be imprisoned 
not exceeding six months, or be both fined and imprisoned in the discretion of 
the court before which the offender shall be tried. 

Sec. 5. Every person who shall catch any fish or shall use any seine for catch- 
ing fish within half a mile from the mouth or outlet of any fishery set apart as is 
herein provided, and within any waters into which the waters of such fishery 
are let out, and every person who shall violate any of the provisions of sections 
seven, eight, and ten of this chapter, shall forfeit for the first offence the sum 
of fifty dollars, and for every subsequent offence shall forfeit one hundred dol- 
lars; and in addition to the penalties herein provided shall forfeit all the appa- 
ratus by him used in violation of the provisions of this section. 

Sec. 6. Each of the commissioners of inland fisheries may, personally or by 
deputy, seize and remove, summarily if need be, all obstructions erected to 
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hinder the passage of migrating fish, or which are illegally erected to obstruct 
or in any way to impede the growth and culture of fish. 

Sec. 7. No person shall take or catch fish of any kind from any of the inland 
waters of the state, set apart by the commissionerB of inland fisheries for the 
cultivation of fish, except at such times and in such manner as is herdnafter 
provided. 

Sec. 8. The prohibition of the catching of fish by hook and line, fn^n fisheries 
stocked as hereinbefore provided, shall extend and be continued for and during 
the term of three years from and after the time when such fishery was first es- 
tablished: Provided f however, that fish may be caught through the ice only, and 
with hook and hand-linie only, in those ponds set apart for the cultivation of 
black bass, during the months of Dec^nber, January, and February, until 
the expiration of the aforesaid term of three years. 

Sec. 9. After the expiration of said three years no black bass shall be taken 
in any waters of this state, except Sneach pond in the town of Cumbeiland, 
and Moswansicut pond in the town of Scituate, between the first day of March 
and the first day of July in each year, nor at any time except by hook and line 
as aforesaid. Every person taking any black bass during the lime aforesaid, or 
in any other manner except by hook and line, shall be fined fifteen dollare for 
each black bass so taken, and every person who shall take or have in his or her 
possession any black bass less than' eight inches in length at any time of the year 
shall be fined fifteen' dollars for each black bass found in his or her possession; 
and possession by any person of any black bass less than eight inches in laigth, 
or during the time aforenamed, shall be evidence that such black bass were taken 
in violation of this chapter; but nothing herein contained shall be so construed 
as to prohibit the taking and sale of black bass artificially cultivated in private 
ponds at any season of the year. 

Sec. 10. After the expiration of said three years no fish shall be taken by any 
person from any waters legally set apart by said commissioners for the culti- 
vation of shad or salmon, or within one mile of the outlet of the streams so set 
apart, except from and after the fifteenth day of April until the fifteenth day 
of July, or at any time except by hook and hand-line, or by not less than three- 
inch mess nets or seines. 

Sec. 11. One-half of the fines and forfeitures recovered for violation of the 
provisions of this chapter shall accrue to the complainant and one-half thereof 
to the use of the state. 

Sec. 12. The commissioners of inland fisheries may take fish from the fisheries 
hereinbefore referred to, for any purpose connected with fish culture or for 
scientific observation. 

Sec. 13. Each of said commissioners may, in the discharge of his duties. 



Digitized by LjOOQIC 



APPENDIX. 333 

enter upon and pass over private property without rendering himself liable in 
an action of trespass. 

Sec. 14. The commissioners of inland fisheries shall be allowed their actual 
disbursements made in carrying into effect the provisions of this chapter. 



CHAPTER 175. 
General Pramnons for ihe Protection of Fisheries, 

Section 1. Every person who shall throw into or deposit in, or cause to be 
thrown into or to be deposited in, any of the public tide-waters of the state or 
upon the shores of any such tide-waters any fish-offal or any water impregnated 
with fish, imless the same be filtered in such manner as may be determined by 
the town coimcil of the town wherein such deposit shall be made, and every 
person who shall cause any deleterious substance resulting from the smelting 
or manufacture of copper or from other manufactures, or from other sources, 
which is destructive to fish or which repels them from coming into the said pub- 
lic waters, or which shall do anything which tends to drive them therefrom, to 
be emptied, deposited, or run into the said public waters, shall forfeit one hun- 
dred dollars. 

Sec. 2. Every vessel, craft, boat, or floating apparatus employed in the pro- 
curing of fish-oil, or in the dressing of bait for the mackerel fisheries, or the 
dressing of fish for other purposes, in violation of this chapter, shall be liable 
for any forfdture and costs resulting from prosecution hereunder; and the same 
may be attached on the original writ and held, as other personal property at- 
tached may be held, to secure any judgment which may be recovered in any ac- 
tion brought to enforce any such forfeiture; and any person, upon view of any 
offence in violation of this chapter, may seize and detain any vessel, craft, boat, 
or floating apparatus, the same to be detained for a period not exceeding six 
hours. 

Sec. 3. Every person who shall boil any menhaden ^h, or press any fish 
for the purpose of extracting oil therefrom, on board of any vessel on any of the 
public tide-waters, shall be fined not exceeding fifty dollars. 

Sec. 4. Any person who shall wilfully place any brush, trees, or limbs of 
trees in any of the waters of Charlestown pond shall be fined not more than twenty 
dollars nor less than five dollars for each offence; and all fines under this section 
shall enure one-half thereof to the use of the complainant and one-half thereof 
to the use of the town of Charlestown. 
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PUBLIC liAWS, 



CHAPTER 969. 

AN ACT IN SUBSTITUTION OF CHAPTER 857 OF THE PUBLIC LAWS, 
PASSED AT THE JANUARY SESSION, A. D. 1901, ENTITLED "AN 
ACT FOR THE BETTER PROTECTION OF THE LOBSTER FISH- 
ERIES." 

SscnoN 1. Eveiy person who catches, takes, or has in his or her possession 
any lobster less than nine inches in length, measuring from the end of the bone 
projecting from the head to the end of the bone of the middle flipper of the tail, 
the lobster extended on its back its natural length, and every person who has in 
his or her possession any cooked lobster less than eight and three-quarters 
inches in length, and every person who has in his or her possession any female 
lobster bearing eggs or from which the eggs have been brushed or removed, shall 
be fined five dollars for every such lobster; but a person catching or taking 
any such live lobster and immediately returning the saipe alive to the water 
from which taken shall not be subject to such fine. The possession of any such 
lobster, cooked or uncooked, not of the prescribed length, shall be prima facie 
evidence to convict. 

Sec. 2. All lobster pots, cars, and other contrivances used for the catching 
or keeping of lobsters shall be plainly marked with the name or names qf the 
owner or owners. And every person who shall not have his lobster pots, cars, 
or other contrivances so marked shall be fined twenty dollars and be in^risoned 
not more than thirty days for each such offence. And all pots, cars, and other 
contrivances used contrary to the provisions of this section shall be seized by 
the officer engaged in the enforcement of this law, and said property shall be 
forfeited. 

Sec. 3. There shall be, between the fifteenth day of November and the fif- 
teenth day of April next succeeding, a close-time, during which time it shall be 
unlawful for any person to set or keep, or cause to be set or kept, within any of 
the waters of this state, any pots or nets for the catchinga>f lobsters, or to take 
any lobsters during such close-time. Every person violating any of the provisions 
of this section shall be fined twenty dollars and be imprisoned not more than 
thirty days for each such offence. 



Digitized by LjOOQIC 



APPENDIX. 335 

Sec. 4. No person shall be allowed to set or keep, or cause to be set or kept, 
within any of the waters of the state, any pots or nets for the catching of lobsters 
who has not had his home and residence in this state for the period of one year 
next preceding the time of his catching such lobsters. Every person violating 
any of the provisions of this section shall be fined twenty dollars and be im- 
prisoned not more than thirty days for each such offence. 

Sec. 5. Every person, except the conmiissioners of inland fisheries and their 
deputies, who shall lift or raise any pot or net set for the catching of lobsters, 
without the permission of the owner or owners thereof, shall be fined ten dollars 
for each such offence. 

Sec. 6. Every person who mutilates a lobster by severing its tail from its 
body, or has in his or her possession any such tail or tails of lobsters before such 
lobsters are cooked, shall be fined five dollars for each such offence; and in all 
prosecutions under this act the possession of any such tail or tails of imcooked 
lobsters shall be prima facie evidence to convict. 

Sec. 7. The Conmiissioners of Inland Fisheries shall appoint at least two 
deputies, whose duties shall be the enforcing of the provisions of this act. Each 
of said deputies appointed as aforesaid shall be, by virtue of his office, .a special 
constable, and as such deputy may, without warrants, arrest any person found 
violating any of the provimons of this act and detain such person for prosecution 
not exceeding twenty-four hours. Said deputies shall not be required to enter 
into recognizance or. become liable for costs. 

Sec. 8. J'or the puipose of enforcing the provisions relative to the protection 
of lobsters, the Commissioners of Inland Fisheries and their appointed dq>uties 
may search in suspected places, or upon any boat or vessel that they may believe 
is used in the catching or transporting of lobsters, and may seize and remove 
lobsters taken, held, or offered for sale in violation of the provisions of this act. 

Sec. 9. Fines incurred under any of the provisions of this^act shall enure one- . 
half thereof to the use of the complainant and one-half thereof to the use of the 
state. 

Sec. 10. The several district courts shall have concurrent jurisdiction with 
the conmion pleas division of the supreme court over all offences under this act, 
and to the full extent of the penalties therein specified; parties defendant, how- 
ever, having the same right to appeal from the sentences of said district courts 
as is now provided by law in other criminal cases. 

Sec. 11. Sections eight, nine, and ten of Chapter 171 of the General Laws, 
entitled "Of certain fisheries," and also Chapters 316 and 857 of the Public 
Laws, and all acts and parts of acts inconsistent herewith, are hereby repealed. 

Sec. 12. This act shall take effect upon and after its passage. 
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CHAPTER 1006. 
AN ACT IN RELATION TO TRESPASS ON LAND. 

Section 1. Whoever shall enter upon the land of another for the puipoee 
of either shooting, trapping, or fishing when the same shall be conspicuously 
posted by the owner or occupant with notices that shooting, trapping, or fishing 
is prohibited thereon, or whoever shall without right mutilate, destroy, or re- 
move any such notice, shall be fined not exceeding twenty dollars. 

Sec. 2. All acts or parts of acts inconsistent herewith are hereby repealed, 
and this act shall take effect July 1st, 1902. 



CHAPTER 1132. 



AN ACT PROHIBITING THE TAKING OF FISH OF Al^ SPECIES 
FROM THE WATERS OF GORTON'S LAKE, SO-CALLED, IN THE 
TOWN OF WARWICK, R. I., BEFORE APRIL 1, 1906. 

Section 1. Every person who shall take fish of any q>ecie6 from the waters 
of Gorton's Lake, so-called, in the town of Warwick, before Uie first day of 
April, A. D. 1906, shall be fined not exceeding one dollar for the first offence, 
and not to exceed ten dollars for each subsequent offence. « . 

Sec. 2. This act shall take effect- immediately. 



CHAPTER 1226. 



AN ACT FOR THE PROTECTION OF PICKEREL AND IN ADDITION TO 
CHAPTER 171 OF THE GENERAL LAWS, ENTITLED "OF CERTAIN 
FISHERIES." 

Section 1. Every person who catches or takes from any of the waters of 
this state or has in his or her possession any pickerel less than ten inches in length 
shall be fined five dollars for each such offence; but any person catching or taking 
any pickerel less than ten inches from any of the waters of this state and inmiedi- 
ately returning the same alive to the water from which taken shall not be sub- 
ject to such fine. The possession of any such pickerel not of the prescribed 
length shalt be prima facie evidence to convict. 

Sec. 2. This act shall take effect upon and after its passage. 
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